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(54) SEMICONDUCTOR LIGHT EMITTING DEVICE&comma; LIGHT EMITTING APPARATUS AND 
PRODUCTION METHOD FOR SEMICONDUCTOR LIGHT EMITTING DEVICE 

(57) A chip-type light-emitting semiconductor de- 
vice includes: a substrate 4; a blue LED 1 mounted on 
the substrate 4; and a luminescent layer 3 made of a 
mixture of yellow/yellowish phosphor particles 2 and a 
base material 13 (translucent resin). The yellow/yellow- 
ish phosphor particles 2 is a silicate phosphor which ab- 
sorbs blue light emitted by the blue LED 1 to emit a flu- 
orescence having a main emission peak in the wave- 
length range from 550 nm to 600 nm, inclusive, and 
which contains, as a main component, a compound ex- 
pressed by the chemical formula: (Sr 1 . a1 . b1 . x Ba a1 
Ca bt Eu x)2 Si0 4 (0^a1^0.3, O^b^O.8 and 0<x<1). The 
silicate phosphor particles disperse substantially evenly 
in the resin easily. As a result, excellent white light is 
obtained. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to light-emitting 
semiconductor devices utilizing blue-light-emitting di- 
odes (hereinafter, referred to as blue LEDs) and yellow/ 
yellowish phosphors in combination to emit white light, 
light-emitting systems using the light-emitting semicon- 
ductor devices, and methods for fabricating the light- 
emitting semiconductor devices. 

BACKGROUND ART 

[0002] A light-emitting semiconductor device utilizing 
a blue LED (strictly speaking, a blue LED chip) having 
a main emission peak in the blue wavelength range from 
400 nm to 530 nm, both inclusive, and a luminescent 
layer containing an inorganic phosphor (hereinafter, 
simply referred to as a "phosphor) that absorbs blue 
light emitted by the blue LED and produces a fluores- 
cence having an emission peak within a visible wave- 
length range from green to yellow (in the range of about 
530 nm to about 580 nm) in combination is known to 
date. Light emitted from an LED that excites a phosphor 
is herein referred to as "excitation light". The spectrum 
of the light is herein referred to as an "excitation spec- 
trum". The intensity peak thereof is herein referred to as 
an "excitation light peak". 

[0003] Such a light-emitting semiconductor device is 
disclosed in Japanese Patent No. 2927279, Japanese 
Laid-Open Publication Nos. 10-163535, 2000-208822 
and 2000-244021 , for example. 
[0004] In Japanese Patent No. 2927279, a light-emit- 
ting semiconductor device utilizing a blue LED using a 
gallium nitride-based compound semiconductor as a 
light-emitting layer and having an emission peak in the 
wavelength range from 400 nm to 530 nm, both inclu- 
sive, and an (RE 1 . x Sm x ) 3 (Al y Ga 1 . y ) 5 0 1 2: Ce phosphor 
(where 0^x<1,0^y^ 1 and RE is at least one rare-earth 
element selected from among Y and Gd) (hereinafter, 
referred to as a "YAG-based phosphor") in combination. 
[0005] Considering the fact that the YAG-based phos- 
phor produces an emission highly efficiently at a peak 
around 580 nm (yellow light) under blue light emitted by 
the blue LED (excitation light), it is described in the pat- 
ent that the light-emitting semiconductor device is im- 
plemented as a white-light-emitting semiconductor de- 
vice which emits white light by adding the colors of the 
blue light emitted by the blue LED and of the light emitted 
by the YAG-based phosphor together. 
[0006] In Japanese Laid-Open Publication No. 
10-163535, disclosed is a white-light-emitting semicon- 
ductor device utilizing a blue or violet LED and one or 
more types of phosphors each absorbing light emitted 
by the LED to produce emission in a visible range in 
combination. As a phosphor, blue, green, yellow, orange 
and red phosphors containing (Zn, Cd)S as a phosphor 



base and a (Y, Gd) 3 (AI, Ga) 5 0 12 : Ce, Eu phosphor are 
disclosed. The (Y, Gd) 3 (Al, Ga) 5 0 12 : Ce, Eu phosphor 
is considered a YAG-based phosphor from a scientific 
standpoint. 

5 [0007] In addition, in Japanese Laid-Open Publication 
No. 10-163535, also disclosed is a white-light-emitting 
semiconductor device producing an emission by adding 
the color of lights from the blue LED to the color of the 
YAG-based phosphor in which an emission chromatical- 

10 |y point (x, y) of the emission is in the range 
0.21^x^0,48 and 0.1 9^y^ 0.45 in a CI E chromaticity 
diagram. 

[0008] Further, in Japanese Laid-Open Publications 
Nos. 2000-208822 and 2000-244021 , white-light-emit- 

15 ting semiconductor devices utilizing blue LEDs and 
YAG-based phosphors in combination are disclosed. In 
Japanese Laid-Open Publication No. 2000-244021 , dis- 
closed is a light-emitting semiconductor device utilizing 
a strontium sulfide red phosphor activated by europium 

20 (SrS : Eu), in addition to a YAG-based phosphor, so as 
to compensate for a shortage of luminous flux of white 
light in a red-wavelength range emitted by the white- 
light-emitting semiconductor device. 
[0009] It is known that such a known YAG-based 

25 phosphor has a main emission peak wavelength that 
varies in the range of about 530 nm to about 590 nm 
depending on the composition, especially the amount of 
Gd (gadolinium) atoms substituting Y (yttrium) atoms 
constituting the YAG-based phosphor, the amount of ad- 

30 dition of Ce 3+ to be a luminescent center, or an ambient 
temperature. It is also known that the emission peak 
wavelength shifts to longer wavelengths as the substi- 
tution amount of Gd, the amount of addition of Ce 3+ to 
be a luminescent center or the ambient temperature in- 

35 creases, (see, for example, "Phosphor Handbook": 
Ohmsha, Ltd. or a literature: R. Mach et and G. O. 
Mueller: Proceedings of SPIE Vol. 3938 (2000) pp. 
30-41 ). It should be noted that a Gd atom is heavier than 
an Y atom, and therefore the absolute specific gravity 

40 of the YAG-based phosphor increases as the substitu- 
tion amount of Gd atoms increases. 
[001 0] It is known that the absolute specific gravity of 
a Y 3 AI 5 0 12 : Ce^ phosphor containing no Gd atoms (in 
which the amount of Ce substituting Y is 0.1 to 2 %) is 

45 4.15 to 4.55 and that the peak emission wavelength of 
the phosphor at room temperature is around the wave- 
length range from 530 nm (if the phosphor has an ab- 
solute specific gravity of 4. 1 5) to 557 nm (if the phosphor 
has an absolute specific gravity of 4.55), i.e., the wave- 

50 length range from green to yellow/yellowish (excerpts 
from Phosphor Index (Nichia Kagaku Kogyo Kabushiki 
Kaisha) and a catalog of Philips Corporation). 
[0011] Now, color control of light, especially of white 
or whitish light, emitted by a light-emitting semiconduc- 

55 tor device is briefly described. Conventionally, the color 
of light is controlled mainly by the following three meth- 
ods. 
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(1) A method for obtaining a desired color of light 
by changing the output ratio between blue light 
emitted by a blue LED and yellow/yellowish light 
emitted by a YAG-based phosphor 

(2) A method for obtaining a desired color of light 
by changing the color tone of blue light emitted by 
the blue LED 

(3) A method for obtaining a desired color of light 
by changing the composition of the phosphor or the 
amount of addition of Ce 3+ luminescent center and 
changing the color tone of yellow/yellowish light 
emitted by the YAG-based phosphor 

[0012] Almost ail the known light-emitting semicon- 
ductor devices utilizing blue LEDs and phosphors in 
combination as described above so as to obtain color- 
mixed light of the emissions from the blue LEDs and the 
phosphors uses YAG-based phosphors as phosphors. 
[0013] In the patent and laid-open publications de- 
scribed above, described are: a light-emitting semicon- 
ductor having a structure in which a blue LED is mount- 
ed in a cup provided in a mount lead and is electrically 
connected thereto and in which a resin luminescent lay- 
er including a YAG-based phosphor is provided in the 
cup; a light-emitting semiconductor device having a 
structure in which a blue LED is placed in a casing and 
a resin luminescent layer including a YAG-based phos- 
phor is provided in the casing; a light-emitting semicon- 
ductor device having a structure in which a flip-chip-type 
blue LED is mounted on a submount element and is 
electrically connected thereto and in which the flip-chip- 
type blue LED is molded with a resin package also serv- 
ing as a luminescent layer including a YAG-based phos- 
phor; and like devices. 

[001 4] Such light-emitting semiconductor devices are 
known as light-emitting semiconductor devices which 
are capable of obtaining white light and therefore are in 
high demand for light-emitting systems such as illumi- 
nation systems or display systems. 
[0015] On the other hand, some of the light-emitting 
semiconductor devices utilizing inorganic compounds 
other than YAG-based phosphors and LEDs in combi- 
nation are previously known. For example, in Japanese 
Laid-Open Publication No. 2001-143869, described is 
a light-emitting semiconductor device using a silicate 
phosphor such as a Ba 2 Si0 4 : Eu 2+ phosphor, a 
Sr 2 Si0 4 : Eu2+ phosphor, a Mg 2 Si0 4 : Eu2+ phosphor, 
a (BaSr) 2 Si0 4 : Eu2+ phosphor, or a (BaMg) 2 Si0 4 : Eu*+ 
phosphor. 

[0016] In addition, in the same Japanese Laid-Open 
Publication No. 2001-143869, the wavelength range of 
light emitted by an LED is preferably 430 nm or less, 
and more preferably in the range of 400 nm to 430 nm. 
In an embodiment of this publication, a light-emitting 
semiconductor device using an LED that emits light in 
the wavelength range of 343 to 405 nm is described. 
Further, the publication describes applications of the sil- 
icate phosphors as green phosphors and also describes 



that it is more preferable to use an organic LED than to 
use an inorganic LED made of an inorganic compound 
in terms of luminous efficacy. 

[001 7] That is to say, the invention disclosed in Japa- 
5 nese Laid-Open Publication No. 2001-1 43869 relates to 
a light-emitting semiconductor device utilizing an LED 
emitting near-ultraviolet light and a phosphor of an inor- 
ganic compound emitting red, green or blue light in com- 
bination. 

io [0018] Now, a silicate phosphor is described A silicate 
phosphor expressed by the chemical formula 
( Sr i-a3-b3-x Ba a3 Ca b3 Eu x)2 slc U (where a3, b3 and x are 
in the ranges 0^a3 ^1 , 0^b3^1 and 0<x< 1 , respec- 
tively) is known to date. The silicate phosphor, which 

*5 was studied as a phosphor for use in a fluorescent lamp, 
is known as a phosphor that emits light whose peak 
wavelength varies in the range from 505 nm to 598 nm, 
both inclusive, by changing the composition of Ba- 
Sr-Ca. In addition, the silicate phosphor is disclosed as 

20 a phosphor exhibiting relatively highly efficient emission 
of light when irradiated with light within the range of 1 70 
to 350 nm in a literature (J. Electrochemical Soc. Vol. 
115, No. 11(1968) pp. 1181-1184) and a literature (Flu- 
orescent Lamp Phosphors, Kith H. Butler, The Pennsyl- 

25 vania State University Press (1 980) pp. 270-279), for ex- 
ample. 

[0019] However, in the literatures about the silicate 
phosphor, it is not described at all that the silicate phos- 
phor exhibits highly efficient emission of light even in a 

30 wavelength range more than 350 nm, especially in the 
blue wavelength range greater than 430 nm and less 
than or equal to 500 nm. Thus, it is not previously known 
that the silicate phosphor can function as a phosphor 
that emits light in the yellow-green to orange wavelength 

35 range from 550 nm to 600 nm, both inclusive, especially 
yellow light, as a YAG-based phosphor, when excited 
by blue light in the blue wavelength range described 
above, especially blue light with high color purity around 
the wavelength range of 450 to 470 nm. 

40 [0020] Hereinafter, the light-emitting semiconductor 
devices utilizing blue LEDs and YAG-based phosphors 
in combination will be described again. In Japanese Pat- 
ent No. 2927279, Japanese Laid-Open Publications 
Nos. 10-163535, 2000-208822 and 2000-244021 men- 

45 tioned above, for example, the thickness of a lumines- 
cent layer in a light-emitting semiconductor device and 
a fabrication method of the device are disclosed. 
[0021] For example, in Japanese Patent No. 2927279 
and other publications filed by the same applicant, a 

50 technique (pouring technique) for pouring an epoxy res- 
in which is used as a base material for a luminescent 
layer and includes a YAG-based phosphor mixed and 
dispersed therein into a cup provided in a mount lead 
on which an LED chip is mounted, or into a space of a 

55 resin casing and for curing the epoxy resin is used to 
form a coating containing the YAG-based phosphor on 
the LED chip. In these publications, the thickness of the 
coating containing the YAG-based phosphor is set in the 



5 



EP 1 367 655 A1 



6 



range of 1 00 to 400 nm. 

[0022] In Japanese Laid-Open publication No. 
2000-208822 and other publications filed by the same 
applicant, disclosed is a technique for applying a phos- 
phor paste made by mixing and dispersing a YAG-based 
phosphor in an epoxy region to the surrounding other 
than a mounting surface for an LED chip and for curing 
the paste so that a luminescent layer is formed as a 
package for covering an LED. In these publications, the 
thickness of a package containing the YAG-based phos- 
phor, i.e., a luminescent layer, is set in the range of 20 
to 110 urn In this case, a photolithography process, a 
screen-printing process or a transfer process is used as 
a method for applying the phosphor paste to the sur- 
rounding other than the mounting surface for the LED 
chip. 

[0023] FIG. 7 is a cross-sectional view showing an ex- 
ample of a chip-type light-emitting semiconductor de- 
vice fabricated by a known pouring technique. As shown 
in FIG. 7, the known light-emitting semiconductor device 
includes a casing 8; a blue LED 1 placed in the casing 
8; a YAG-based luminescent layer 3 surrounding the 
blue LED 1 in the casing 8 and made of a mixture of 
yellow/yellowish phosphor particles and a resin; and an 
upper coating 10 covering the YAG-based luminescent 
layer 3 in the casing 8. 

[0024] FIG. 9 is a SEM micrograph showing a cross- 
sectional structure of the coating 10 of the light-emitting 
semiconductor device in the state shown in FIG. 7. FIG. 
10 is a SEM micrograph showing a magnified view of a 
portion near the casing 8. From an experiment done by 
the present inventors, if a luminescent layer is formed 
by the pouring technique described above, the coating 
is divided substantially into the luminescent layer 3 con- 
taining a high concentration of the YAG-based phosphor 
and the upper coating layer 10 hardly containing the 
YAG-based phosphor as shown in the SEM micro- 
graphs of FIGS. 7, 9 and 10 during the formation of the 
coating. This is mainly because of the difference in spe- 
cific gravity between the YAG-based phosphor and the 
resin, which causes YAG-based phosphor particles 9 to 
sediment in the bottom of the coating by gravity. That is 
to say, the resultant substantial luminescent layer 3 
does not have a structure in which the YAG-based phos- 
phor particles 9 are scattered throughout the epoxy res- 
in (base material) but has a structure in which the YAG- 
based phosphor particles 9 are in contact with each oth- 
er and unevenly distributed in the base material, i.e., 
sedimented in the bottom of the coating. In this case, 
the state of being scattered is a state in which the phos- 
phor particles are evenly dispersed throughout the lu- 
minescent layer. The substantial thickness of the lumi- 
nescent layer 3 is smaller than that of the upper coating 
10 and is 10 to 70 u.m. 

[0025] With respect to the distribution of the YAG- 
based phosphor particles in the coating, there appeared 
"various distributions of the photoluminescence phos- 
phor can be achieved by controlling, for example, the 



material which contains the photoluminescence phos- 
phor, forming temperature, viscosity, the configuration 
and particle distribution of the photoluminescence 
phosphor in Domestic Re-Publication of PCT Appli- 

5 cation No. WO98/05078. The possibility of formation of 
a luminescent layer having a structure in which YAG- 
based phosphor particles are evenly scattered in a base 
material is also suggested. However, an additional ex- 
amination done by the present inventors proved that 

10 such a structure cannot be formed in reality by the pour- 
ing technique described above using a YAG-based 
phosphor and the disclosed resin (e.g., epoxy resin, 
urea resin or silicon). For confirmation, we obtained a 
light-emitting device already introduced commercially 

is by the applicant of Japanese Patent No. 2927279 and 
estimated the cross-sectional structure of the lumines- 
cent layer, to find that the phosphor does not have a 
structure in which YAG-based phosphor particles are 
evenly scatted throughout a base material but has a 

20 structure of the luminescent layer as shown in FIG. 9, 
specifically a structure in which the YAG-based phos- 
phor particles are in contact with each other and une- 
venly distributed in the base material so that the lumi- 
nescent layer is formed sedimenting in the bottom of the 

25 coating. The substantial thickness of the luminescent 
layer is about 70 urn as shown in the SEM micrograph 
of FIG. 9. 

[0026] In the method for applying a luminescent layer 
with a photolithography or transfer process and forming 

30 a luminescent layer as a package, the YAG-based phos- 
phor particles also sediment in the bottom of the coating 
by gravity during the formation of the luminescent layer. 
Accordingly, the resultant substantial luminescent layer 
is not in the state in which the YAG-based phosphor par- 

35 tides are scattered throughout the base material, result- 
ing in causing uneven distribution of phosphor particles 
in the package. If a luminescent layer as a package is 
formed using a screen publishing process, the YAG- 
based phosphor particles less sediment and come close 

40 to the state in which the YAG-based phosphor particles 
are scattered throughout the base material, but distribu- 
tion unevenness of the phosphor particles is still ob- 
served. In addition, the resultant luminescent layer ex- 
hibits a low luminescence performance. 

45 [0027] As described above, in the known light-emit- 
ting semiconductor devices, YAG-based phosphor par- 
ticles are in contact with each other in a luminescent lay- 
er and unevenly distributed in a base material in most 
cases so that distribution unevenness of the phosphor 

so particles is tend to be observed in the luminescent layer. 
In summary, with respect to the luminescent layers of 
the known light-emitting semiconductor devices, the 
phosphors used are YAG-based phosphors having a 
substantial thickness of 1 0 to 70 ujti, especially 1 0 to 30 

55 p,m in most cases. The luminescent layers are each 
formed by curing a mixture in which a YAG-based phos- 
phor is mixed and dispersed in a resin used as a base 
material (phosphor paste). 
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[0028] Now, a relationship between the structure of 
the luminescent layer of the light-emitting semiconduc- 
tor device and the color unevenness, and a known meth- 
od for suppressing the color unevenness are described. 
[0029] In a light-emitting semiconductor device using 
a blue LED and a phosphor in combination, color une- 
venness in emission of light has been a problem and 
various measurements have taken to suppress the color 
unevenness. Most of the measurements are based on 
fabricating know-how such as the configuration and par- 
ticle size of YAG-based phosphor particles, optimization 
of particle distribution, selection of a base material for 
including a phosphor, adjustment of viscosity of a phos- 
phor paste and optimization of drying conditions. 
[0030] Instead of the fabricating know-how, specific 
measurements for radically improving the structure of, 
for example, the luminescent layer have been proposed. 
For example, in Japanese Laid-Open Publication No. 
11-31845, described is a method using a technique of 
applying an epoxy resin onto an LED chip as an adhe- 
sive, attaching YAG-based phosphor particles on the 
adhesive and then blowing off the YAG-based phosphor 
particles that have been excessively attached by splay- 
ing gas so that the thickness of a YAG-based lumines- 
cent layer is made uniform and color unevenness of light 
emitted by a light-emitting semiconductor device is sup- 
pressed. In Japanese Laid-Open Publication No. 
2000-208822, described is a method for forming a lumi- 
nescent layer (translucent wavelength-converting layer) 
on the surrounding other than a mounting surface for a 
blue LED as a package for covering the blue LED so 
that the thickness of the package from the outer contour 
surface of the blue LED is made substantially uniform 
in every direction of emission and therefore the thick- 
ness of the luminescent layer is made uniform, thereby 
suppressing color unevenness. In Japanese Laid-Open 
Publication No. 2001-177158, described is a method for 
polishing and creating thesurfaceof a luminescent layer 
such that the surface is in parallel with a main light ex- 
tracting surface. 

PROBLEMS TO BE SOLVED 

[0031 ] As has been described above, since the known 
light-emitting semiconductor device uses the YAG- 
based phosphor as a yellow/yellowish phosphor, the 
YAG-based phosphor particles sediment in the bottom 
of a coating by gravity during the formation of the lumi- 
nescent layer, resulting in that the coating layer is divid- 
ed into the luminescent layer in which the phosphor par- 
ticles are in contact with each other and unevenly dis- 
tributed in a base material and an upper coating layer 
hardly containing the YAG-based phosphor. Even if the 
YAG-based phosphor particles are not in contact with 
each other, the luminescent layer has a structure in 
which distribution unevenness of the phosphor particles 
is large in the base material. The reason of this distribu- 
tion unevenness is not clear but the difference in specific 



gravity between the phosphor and the base material is 
at least one cause of the distribution unevenness. 
[0032] As described above, the absolute specific 
gravity of a Y 3 AI 5 0 12 : Ce 3 * phosphor containing no Gd 

5 atoms (where the substitution amount of Ce with respect 
to Y is 0.1 to 2 % and the main emission peak wave- 
length at room temperature is 530 to 557 nm) is 4.15 to 
4.55, though the absolute specific gravity varies to some 
extent depending on the composition of the phosphor. 

10 However, from an evaluation done by the present inven- 
tors, the measurement result of the absolute specific 
gravity of at least a (Y 0 . 7 Ge 0 28 Ce 0 02 ) 3 AI 5 O 12 phosphor 
(whose main emission peak wavelength is 565 nm) in 
which part of Y is substituted with Gd to obtain excellent 

is yellow/yellowish light is 4.98, and the absolute specific 
gravity of every phosphor in which part of the Y 3 AI 5 0 12 : 
Ce 3+ phosphor is substituted with Gd is as high as over 
4.65 (see FIG. 48). 

[0033] It is known that a sulfide phosphor using the 
so (Zn, Cd)S as a phosphor base can emit yellow/yellowish 
light having a main emission peak in the wavelength 
range of about 560 nm or more by containing Cd (see, 
for example, "Phosphor Handbook" edited by Phosphor 
Research Society, Ohmsha, Ltd. p. 248). It is also known 
& that the absolute specific gravity is as low as about 4. 1 3 
(see Phosphor Index (Nichia Kagaku Kogyo Kabushikl 
Kaisha)). It should be noted that the phosphor not only 
has a low emission efficiency when irradiated with blue 
light (excitation light) but also contains noxious Cd, and 
30 therefore the phosphor is difficult to, for example, fabri- 
cate, handle and storage. 

[0034] Therefore, since the known light-emitting sem- 
iconductor devices exhibit distribution unevenness of 
phosphor particles in luminescent layers, the devices 
have a problem that unevenness is created in emission 
of light to cause low fabrication yields. This problem of 
emission unevenness is commonly observed among 
the known light-emitting semiconductor devices config- 
ured by using YAG-based phosphors, and also ob- 
o served in light-emitting semiconductor devices addition- 
ally using red phosphors to compensate for a shortage 
of red light, and light-emitting semiconductor devices 
additionally using green phosphors to enhance lumi- 
nous efficacy. 

5 [0035] The known light-emitting semiconductor devic- 
es also have a problem when viewed from a different 
point of view. In some of the known light-emitting semi- 
conductor devices that include luminescent layers in 
which phosphor particles are in contact with each other 

o and unevenly distributed, the luminescent layers absorb 
blue light emitted by blue LEDs and the light is liable to 
be attenuated, resulting in a problem of insufficient lu- 
minous flux of white or whitish light obtained by adding 
the colors of blue light from the LED and of yellow/yel- 

* lowish light from the YAG-based phosphor together. 
[0036] A YAG-based phosphor is a blue light excita- 
tion phosphor (a phosphor excited by blue light) that re- 
ceives blue light between or equal to 410 nm and 530 
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nm emitted by a blue LED to convert the blue light into 
yellow/yellowish light between or equal to 550 nm and 
600 nm with high conversion efficiency. Accordingly, in 
a known white-light-emitting semiconductor device con- 
figured by using such a YAG-based phosphor, a small 
amount of the YAG-based phosphor with high conver- 
sion efficiency is needed, so that the substantial thick- 
ness of the luminescent layer is 10 to 70 \irr\ In many 
practical light-emitting semiconductor devices, the sub- 
stantial thickness is as small as 1 0 to 30 pm. If the YAG- 
based phosphor particles has a particle size (particle di- 
ameter) of about 5 to about 20 \im and the luminescent 
layer has a small substantial thickness, the thickness of 
the luminescent layer is substantially secured by only 
several to over ten particles, resulting in that slight sur- 
face unevenness created in the surface of the lumines- 
cent layer has a large effect to accentuate unevenness 
in light emission. On the other hand, if thephosphorcon- 
centration (phosphor weight / (phosphor weight + resin 
weight)) of the YAG-based phosphor is set lower than a 
normal weight of 5 to 1 0 wt%, i.e., lower than 5 wt%, to 
increase the substantia) thickness of the luminescent 
layer, the light distribution characteristics of the light- 
emitting semiconductor device deteriorate. 
[00371 T o suppress such color unevenness, various 
kinds of contrivances have been made. However, a suf- 
ficient solution has yet to be found and there still exists 
a problem of low fabrication yields of light-emitting sem- 
iconductor devices. In addition to the color unevenness, 
the light-emitting semiconductor device, especially a 
light-emitting semiconductor device emitting white or 
whitish light has a difficulty in controlling color, i.e., a 
problem that the color of light emitted by the device is 
expressed in a narrow range, because emission peak 
wavelength of yellow/yellowish light emitted by the YAG- 
based phosphor is limited in the range from about 550 
nm to 590 nm, both inclusive. This is because the color 
of light emitted by the light-emitting semiconductor de- 
vice is determined by adding the colors of blue light emit- 
ted by the blue LEDs and of yellow/yellowish light emit- 
ted by the YAG-based phosphors together. 
[0038] A light-emitting system using such a known 
light-emitting semiconductor device has a problem that 
color unevenness is readily created in the light-emitting 
system and a problem that the fabrication yield of the 
light-emitting system is low due to the color unevenness. 
in addition, the low fabrication yield of the light-emitting 
semiconductor device increases the fabrication cost of 
the light-emitting system. 

DISCLOSURE OF INVENTION 

[0039] An object of the present invention is suppress- 
ing color unevenness in a light-emitting semiconductor 
device configured by utilizing a blue-light-emitting de- 
vice and a phosphor in combination so as to provide a 
light-emitting semiconductor device or a light-emitting 
semiconductor system exhibiting small color uneven- 



ness, especially a white-light-emitting semiconductor 
device exhibiting a luminous flux higher than or equal to 
that of a known white-light-emitting semiconductor de- 
vice utilizing a YAG-based phosphor and a blue-light- 
5 emitting device in combination and a light-emitting sys- 
tem exhibiting smallcolor unevenness and a high lumi- 
nous flux. 

[0040] An inventive light-emitting semiconductor de- 
vice is a light-emitting semiconductor device including: 

io a biue-light-emitting device having a light-extracting sur- 
face and emitting blue light from the light-extracting sur- 
face; and a luminescent layer provided to cover at least 
the light-extracting surface of the blue-light-emitting de- 
vice and including a yellow/yellowish phosphor which 

is absorbs blue light emitted by the blue-light-emitting de- 
vice to emit a yellow/yellowish fluorescence. The yellow/ 
yellowish phosphor is a silicate phosphor containing, as 
a main component, at least one type of a compound ex- 
pressed by the chemical formula: 

20 

( Sr 1-a1-b1-x Ba a1 Ca b1 Eu X )2 Sj0 4 

(where 0^a1 ^0.3, 0^b1^0.8 and 0<x< 1). 

25 [0041] Considering the fact that the blue-light-emit- 
ting device can achieve a light-emitting semiconductor 
device emitting excellent white light, the blue-light-emit- 
ting device preferably emits light having a main emission 
peak in the wavelength range greater than 430 nm and 

30 less than or equal to 500 nm, more preferably in the 
wavelength range from 440 nm to 490 nm, both inclu- 
sive, and still more preferably in the wavelength range 
from 450 nm to 480 nm, both inclusive. The yellow/yel- 
lowish phosphor preferably emits a fluorescence having 

35 a main emission peak in the wavelength range from 550 
nm to 600 nm, both inclusive, more preferably in the 
wavelength range from 560 nm to 590 nm, both inclu- 
sive, and still more preferably in the wavelength range 
from 565 nm to 585 nm, both inclusive. 

40 [0042] In terms of crystal stability to heat in the phos- 
phor, heat resistance in light-emitting characteristics, lu- 
minous intensity of yellow/yellowish emission and color 
of light, the values a1 , b1 and x in the chemical formula 
are preferably in the ranges 0<a1 ^0.2, 0< b1 ^0.7 and 

45 0.05<x<0.1 , respectively, more preferably in the ranges 
0<a1^0.15, 0< b1^0.6 and 0.01<x<0.05, respectively, 
and most preferably in the ranges 0.01 ^a1^ 0.1, 
0,001 gb1 ^0.05 and 0.01<x^0.02, respectively. 
[0043] FIG. 8 is a graph showing excitation-light spec- 
ie tra and emission spectra of a silicate phosphor and a 
YAG-based phosphor. As shown in FIG. 8, the silicate 
phosphor is a yellow/yellowish phosphor which has an 
excitation-light peak around 250 to 300 nm and absorbs 
light in the wide wavelength range of 100 to 500 nm to 

55 emit a yellow/yellowish fluorescence having an emis- 
sion peak in the wavelength range of 550 to 600 nm, i. 
e., from yellow-green, yellow to orange ranges. Accord- 
ingly, if the yellow/yellowish phosphor is combined with 
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the blue-light-emitting device, the resultant light-emit- 
ting semiconductor device emits light by adding the 
color of the fluorescence emitted by the yellow/yellowish 
phosphor to the color of the blue light emitted by the 
biue-light-emitting device. 

[0044] Now, a relationship among the composition 
range, the crystal structure and the color of emitted light 
of the silicate phosphor, the characteristics of the silicate 
phosphor emitting yellow/yellowish light, for example, 
are described in further detail. As a first case, if both of 
the values a1 and b1 in the chemical formula of the sil- 
icate phosphor are close to zero, the silicate phosphor 
is likely to have a monoclinic structure or a crystal struc- 
ture in which an orthorhombic system and a monoclinic 
system are mixed. As a second case, if the value a1 
deviates to larger values from the most preferable range 
and the value b1 is close to zero, the crystal field around 
Eu 2+ ions is weak. As a third case, if the value a1 is close 
to zero and the value b1 deviates to larger values from 
the most preferable range, the silicate phosphor is likely 
to have a monoclinic structure. As a fourth case, if both 
of the values a1 and b1 deviate to larger values from 
the respective most preferable ranges and the value 
1-a1 -bloc is close to zero, the silicate phosphor is likely 
to have a hexagonal structure. In any of the first through 
fourth cases, the silicate phosphor might be a greener 
phosphor and emit light with low color purity for yellow, 
if the value x deviates to smaller values from the most 
preferable range, the concentration of Eu 2+ luminescent 
centers is low, resulting in low luminous intensity of the 
silicate phosphor. If the value x deviates to larger values 
from the most preferable range, the luminous intensity 
is low because of concentration quenching (of lumines- 
cence) or self-absorption caused by Eu 2+ ions and, 
moreover, thermal quenching that the luminous intensity 
decreases as the ambient temperature of the silicate 
phosphor increases might occur. 
[0045] Comparison in excitation spectrum between 
the silicate phosphor and the YAG-based phosphor 
shown in FIG. 8 as an example shows that the silicate 
phosphor is a phosphor having a low luminous efficacy 
(e.g., having a luminous intensity only half of that of the 
YAG-based phosphor under 470-nm excitation) when 
excited by blue light in the wavelength range greater 
than 430 nm and less than or equal to 500 nm. There- 
fore, a larger amount of a phosphor is used in the case 
where the silicate phosphor is used than in the case 
where the YAG-based phosphor is used, in order to ob- 
tain the same color of light with a white-light-emitting 
semiconductor device that emits white light by adding 
the colors of the blue light from the blue LED and the 
yellow light from the yellow/yellowish phosphor togeth- 
er. Accordingly, the luminescent layer is relatively thick 
if the silicate phosphor is used. As a result, the phosphor 
is less affected by the unevenness created in the sur- 
face of the luminescent layer, so that variation in thick- 
ness of the luminescent layer becomes substantially 
small, thus obtaining a light-emitting semiconductor de- 



vice which emits light with small color unevenness. 
[0046] The blue-light-emitting device is a device se- 
lected from the group consisting of a blue-light-emitting 
diode, a laser diode, a surface emitting laser diode, a 
resonant cavity light emitting diode, an inorganic elec- 
troluminescence device and an organic electrolumines- 
cence device. In terms of increasing the output power 
and the lifetime of the light-emitting semiconductor de- 
vice, diodes such as a light-emitting diode, a laser diode, 
a surface emitting laser diode and a resonant cavity light 
emitting diode are superior to other devices. 
[0047] The Ca mole fraction b1 of the yellow/yellowish 
phosphor is preferably a mole fraction b2 in the range 
0^b2^0.6. 

[0048] In terms of crystal stability to heat in the phos- 
phor, heat resistance in light-emitting characteristics, lu- 
minous intensity of yellow/yellowish emission and color 
of light, the mole fraction b2 is preferably in the range 
0<b2^0.4, more preferably in the range 0<b2 ^0.3, and 
most preferably in the range 0.001 ^b2^0.05. 
[0049] The orthorhombic silicate phosphor within any 
of the composition ranges emits yellow/yellowish light 
highly efficiently with high color purity for yellow when 
excited the blue excitation light. As a result, light emitted 
by the light-emitting semiconductor device not only has 
a high luminous flux but also is white or whitish light with 
a high color purity for white. 

[0050] In the light-emitting semiconductor device, the 
blue-light-emitting device may be a blue-light-emitting 
inorganic device made of a semiconductor selected 
from the group consisting of a gallium nitride-based 
compound semiconductor, a zinc selenide semiconduc- 
tor and a zinc oxide semiconductor. Such a blue-light- 
emitting inorganic device, especially a blue-light-emit- 
ting device including a light-emitting layer made of a gal- 
lium nitride-based compound semiconductor, exhibits a 
high luminous efficacy. Accordingly, if such a blue-light- 
emitting inorganic device, especially a blue-light-emit- 
ting device including a light-emitting layer made of a gal- 
lium nitride-based compound semiconductor, is com- 
bined with the silicate phosphor, a light-emitting semi- 
conductor device emitting light with a high luminous flux 
is obtained. 

[0051] In the light-emitting semiconductor device, the 
color of light emitted by the light-emitting semiconductor 
device may have an emission chromatically point (x, y) 
in the ranges 0.21^x^0.48 and 0.19^y^0.45, respec- 
tively, in a CIE chromaticity diagram. 
[0052] This chromatically range includes a large part 
of the white range. Accordingly, if the color of light emit- 
ted by the light-emitting semiconductor device is set 
within the chromatically range, a highly-demanded 
white-light-emitting semiconductor device is obtained. 
[0053] A red/reddish phosphor having an emission 
peak in the red/reddish wavelength range greater than 
600 nm and less than or equal to 660 nm may be pro- 
vided. 

[0054] Then , the red/reddish phosphor compensates 
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for a red spectrum which cannot be compensated by the 
yellow/yellowish phosphor alone, so that the light emit- 
ted by the light-emitting semiconductor device includes 
a wide range of the red spectrum. 
[0055] Further, a green/greenish phosphor having a 
main emission peak in the green/greenish wavelength 
range greaterthan or equal to 500 nm and less than 550 
nm may be provided. 

[0056] Then, the green/greenish phosphor compen- 
sates for a green spectrum which has a high luminous 
efficacy and which cannot be compensated by the yel- 
low/yellowish phosphor alone, so that the light emitted 
by the light-emitting semiconductor device includes a 
wide range of the green spectrum. Accordingly, the light 
emitted by the light-emitting semiconductor device is 
white light with a high luminous efficacy with respect to 
white. The red/reddish phosphor and the green/green- 
ish phosphor may be combined with the yellow/yellow- 
ish phosphor. 

[0057] The green/greenish phosphor is preferably a 
silicate phosphor containing, as a main component, a 
compound expressed by the chemical formula: 

( Sr i-a3-b3.xBa a3 Ca b3 Eu x ) 2 Si0 4 

(where 0^a3^1 , 0^b3^1 and 0<x<1). 
Then , the composition and crystal structure of the green/ 
greenish phosphor are made similar to those of the sil- 
icate phosphor emitting yellow/yellowish light. Accord- 
ingly, the color unevenness in the light-emitting semi- 
conductor device including the green/greenish phos- 
phor becomes relatively small, and in addition, a new 
technique is no more required in a process for fabricat- 
ing the light-emitting semiconductor device, resulting in 
a simple fabrication process. 

[0058] The luminescent layer may include a plurality 
of such silicate phosphor made of compounds mutually 
differing in composition and each emitting yellow/yel- 
lowish light having a main emission peak in the wave- 
length range from 550 nm to 600 nm, both inclusive. 
Then, it is possible to control the color of white light ob- 
tained by adding the colors of blue light emitted by the 
blue-light-emitting device and of yellow/yellowish light 
emitted by the silicate phosphors. 
[0059] The luminescent layer preferably includes a 
translucent resin as a base material; and the yellow/yel- 
lowish phosphor is preferably present in the form of dis- 
persed particles in the base material. 
[0060] Since such a luminescent layer includes sub- 
stantially neither light absorption factor nor light scatter- 
ing factor, the luminescent layer exhibits improved light 
transmissivity. Accordingly, the blue light from the blue- 
light-emitting device either passes through the lumines- 
cent layer without being absorbed and attenuated or 
contributes to excitation of the phosphor. In addition, 
since the luminescent layer is in the state that a larger 
part of the surfaces of the phosphor particles can be ir- 



radiated with the blue light, the cross-sectional area of 
the phosphor particles to be excited increases substan- 
tially, so that the phosphor particles in the luminescent 
layer emit light effectively. 
5 [0061] Moreover, since the phosphor in which the 
phosphor particles are dispersed has its substantia! 
thickness increased, the influence of variation in thick- 
ness of the luminescent layer becomes small, thus re- 
ducing emission unevenness caused by the variation in 
10 thickness of the luminescent layer. As the translucent 
base material, a resin or like materials may be used. As 
the resin, a resin such as an epoxy resin, an acrylic res- 
in, a polyimide resin, a urea resin or a silicone resin may 
be used, and an epoxy resin or a silicone resin is pref- 
f5 erably used. 

[0062] The luminescent layer may be made by form- 
ing (sintering) the silicate phosphor. 
[0063] The light-emitting semiconductor device pref- 
erably has a structure in which blue light emitted by the 
blue-light-emitting device passes through the lumines- 
cent layer so that the color of the fluorescence emitted 
by the phosphor is added to the color of the blue light, 
thereby emitting white light. 

[0064] The inventive light-emitting semiconductor de- 
vice may have any bf the structures including the follow- 
ing members. 

[0065] A first structure is a structure in which a sub- 
strate is further provided, the blue-light-emitting device 
is flip-chip mounted on the substrate, and the lumines- 
cent layer functions as a molding resin for molding the 
blue-light-emitting device. 

[0066] In such a case, the substrate preferably in- 
cludes a Zener diode. 

[0067] A second structure is a structure in which a 
mount lead with a cup is further provided, the blue-light- 
emitting device is mounted in the cup, and the lumines- 
cent layer is provided within the cup. 
[0068] A third structure is a structure in which a casing 
for placing the blue-light-emitting device therein is fur- 
ther provided, and the luminescent layer may be provid- 
ed within the casing. 

[0069] The light-emitting semiconductor device with 
such structures is implemented as a light-emitting sem- 
iconductor device emitting white light with a high lumi- 
nous flux. The light-emitting semiconductor device can 
be fabricated through a relatively simple process, so that 
the fabrication yield enhances. 
[0070] Among the light-emitting semiconductor devic- 
es having the first through third structures, the light- 
emitting semiconductor device with the first structure 
has the characteristic that the color unevenness is in- 
herently smaller than those in the other light-emitting 
semiconductor devices with the second and third struc- 
tures. Therefore, the light-emitting semiconductor de- 
vice with the first structure is preferably used because 
the color unevenness in the light-emitting semiconduc- 
tor device is further reduced so that the production yield 
further enhances. 
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[0071] The luminescent layer preferably has a sub- 
stantial thickness in the range from 50 \vn to 1000 |xm, 
both inclusive, where the light extraction surface of the 
blue-light-emitting device is located. 
[0072] If the substantial thickness of the luminescent 
layer is set within the range from 50 jim to 1000 \xm, 
both inclusive, and more preferably within the range 
from 100 fim to 700 urn, both inclusive, the cross-sec- 
tional area of the silicate phosphor to be excited by the 
blue light increases, as compared to the case of the 
known YAG phosphor. Accordingly, the luminous inten- 
sity of the yellow light emitted by the silicate phosphor 
increases, and the light-emitting semiconductor device 
emits white light with excellent color tone by adding the 
colors the yellow light and of the blue light emitted by 
the blue-light-emitting device together Moreover, as de- 
scribed above, since the luminescent layer has substan- 
tially no light absorption and attenuation factor, blue light 
emitted by a blue-light-emitting device either passes 
through the luminescent layer without being absorbed 
and attenuated or contributes to excitation of the phos- 
phor, thus increasing the luminous intensity of the yellow 
light emitted by the silicate phosphor. Accordingly, if an 
optimum phosphor concentration (weight ratio between 
resin and phosphor: phosphor weight / (phosphor 
weight + resin weight)) is selected, the light-emitting 
semiconductor device emits white light with a luminous 
flux higher than that of the known light-emitting semi- 
conductor device using the YAG-based phosphor. 
[0073] As compared to the known light-emitting sem- 
iconductor device using the YAG-based phosphor, the 
substantial thickness of the luminescent layer increase 
largely. Therefore, even if surface unevenness in the 
substantial luminescent layer is large to some extent, 
the thickness of the entire luminescent layer is less af- 
fected by the surface unevenness, so that apparent 
thickness variation is reduced. As a result, emission un- 
evenness caused by the variation in thickness of the lu- 
minescent layer is also reduced. 
[0074] If the substantial thickness of the luminescent 
layer is smaller than the preferable thickness ranges, 
the cross-sectional area of the silicate phosphor to be 
excited by the blue light is small so that the substantial 
luminous efficacy of the phosphor is low. Accordingly, 
the light-emitting semiconductor device emits bluer light 
in which the emission from the blue-light-emitting device 
is dominant, resulting in that there may be cases where 
white light with excellent color tone cannot be obtained 
or a high luminous flux cannot be obtained. On the other 
hand, if the substantial thickness is larger than the thick- 
ness ranges, the cross-sectional area of the silicate 
phosphor to be excited by the blue light is large so that 
the substantial luminous efficacy of the phosphor is high 
but most of the blue light is absorbed in the phosphor to 
be converted into yellow/yellowish light. Accordingly, the 
light-emitting semiconductor device emits yellower light 
in which the yellow/yellowish emission from the silicate 
phosphor is dominant, resulting in that there may be 



cases where white light with excellent color tone cannot 
be obtained. Further, there may also be cases where a 
high luminous flux cannot be obtained because the 
phosphor particles are prone to be partially in contact 
5 with each other to cause blue light from the blue-light- 
emitting device to be more and more absorbed and at- 
tenuated. 

[0075] In the known light-emitting semiconductor de- 
vice using the YAG-based phosphor, if the luminescent 
10 layer is made thick as in the inventive light-emitting sem- 
iconductor device, the YAG-based phosphor has an ex- 
tremely high luminous efficacy when irradiated with blue 
light under a phosphor concentration condition (1 0 to 80 
wt.%) in the luminescent layer including a general sili- 
15 cate phosphor. Accordingly, only yellower emission in 
which light emitted by the YAG-based phosphor is dom- 
inant is obtained and the luminous flux also decreases. 
If the phosphor concentration is reduced so as to secure 
a desired color of light and to obtain such a thick lumi- 

20 nescent layer, YAG-based phosphor particles are liable 
to disperse unevenly in a base material (a resin). This 
results in that the chromaticity and the luminance of the 
resultant emission vary largely and, in addition, the light 
distribution characteristics are prone to deteriorate. For 

25 this reason, the light-emitting semiconductor device has 
only a small commercial value. 
[0076] As is explicitly shown in the case where phos- 
phor particles are unevenly distributed in the base ma- 
terial and which is herein described using the micro- 

30 graphs in FIGS. 9 and 10, an average thickness of the 
luminescent layer with which the presence of the phos- 
phor particles in the base material can be visually ob- 
served clearly by a cross-sectional observation of the 
light-emitting semiconductor device with an electron mi- 

35 croscope of a magnification from x 50 to x 1 000 is de- 
fined as a "substantial thickness of the luminescent lay- 
er". 

[0077] The upper surface of a portion of the lumines- 
cent layer located at least on the light-extracting surface 

40 of the blue-light-emitting device is preferably flat and 
substantially parallel to the light-extracting surface. 
[0078] Most of the blue-light-emitting devices are fab- 
ricated to have flat light-extracting surfaces (especially 
flat main light-extracting surfaces) because of the easi- 

45 ness of the fabrication. Therefore, if the surface of the 
luminescent layer is formed to be parallel to the light- 
extracting surface (especially the main light-extracting 
surface), the distance from the outer contour surface of 
the light-extracting surface to the outer contour surface 

so of the luminescent layer, i.e., the thickness of the lumi- 
nescent layer, is made substantially uniform in almost 
every part of the luminescent layer located on the light- 
extracting surface, so that the variation in thickness of 
the luminescent layer is further suppressed and, there- 

55 fore, emission unevenness of the light-emitting semi- 
conductor device is reduced. 

[0079] The blue-light-emitting device may be provid- 
ed in a plural presence and the luminescent layer may 
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be provided to cover respective light-emitting surfaces 
of the plurality of blue-light-emitting devices. 
[0080] An inventive light-emitting system is a light- 
emitting system including: a blue-light-emitting device 
emitting blue light; a luminescent layer including a yel- 
low/yellowish phosphor which absorbs blue light emitted 
by the blue-light-emitting device to emit a yellow/yellow- 
ish fluorescence; and a supporter for supporting the 
blue-light-emitting device and the luminescent layer. 
The yellow/yellowish phosphor is a silicate phosphor 
containing, as a main component, at least one type of a 
compound expressed by the chemical formula: 

(Sr, 

-a1-b1-x^ a a1 Ca b1 Eu x ) 2 Si0 4 

(where 0^a1^0.3, 0^b1^0.8 and 0<x< 1). 
[0081] The inventive light-emitting semiconductor de- 
vice including the blue-light-emitting device and the lu- 
minescent layer exhibits small color uneven ness, result- 
ing in a high production yield and a low production cost. 
Accordingly, if a light-emitting system is configured us- 
ing the light-emitting semiconductor device, the light- 
emitting semiconductor system not only has reduced 
color unevenness but also is fabricated at a low cost. 
Moreover, since such a light-emitting semiconductor de- 
vice exhibits a luminous flux higher than that of the. 
known light-emitting semiconductor device using the 
YAG-based phosphor, the luminous flux of the light- 
emitting system enhances. 

[0082] The blue-light-emitting device may be provid- 
ed in a plural presence and the luminescent layer may 
be provided to cover respective light-emitting surfaces 
of the plurality of blue-light-emitting devices. 
[0083] In this description , various kinds of display sys- 
tems using light-emitting semiconductor devices (e.g., 
LED information display terminals, LED traffic lights, 
LED stoplights of vehicles, and LED directional lights) 
and various kinds of lighting systems (e.g., LED interior/ 
exterior lights, courtesy LED lights, LED emergency 
lights, and LED surface emitting sources) are broadly 
defined as light-emitting systems. 
[0084] An inventive method for fabricating a lumines- 
cent layer of a light-emitting semiconductor device is a 
method for fabricating a light-emitting semiconductor 
device including: a blue-light-emitting device emitting 
light having a main emission peak in the wavelength 
range greater than 430 nm and less than or equal to 500 
nm; and a luminescent layer including a yellow/yellow- 
ish phosphor which absorbs blue light emitted by the 
blue-light-emitting device to emit a fluorescence having 
a main emission peak in the wavelength range from 550 
nm to 600 nm, both inclusive. The method includes the 
steps of a) covering at least a light-extracting surface of 
the blue-light-emitting device with a phosphor paste in- 
cluding the yellow/yellowish phosphor which has an ab- 
solute specific gravity in the range from 3.0 to 4.65, both 
inclusive, and emits light having a main emission peak 



in the wavelength range from 560 nm to 600 nm, both 
inclusive, at room temperature, and with a resin which 
has an absolute specific gravity in the range greater than 
or equal to 0.8 and less than or equal to the absolute 

5 value of the yellow/yellowish phosphor; and b) curing 
the phosphor paste, thereby forming the luminescent 
layer. In the step a), a phosphor including, as a base 
material, a compound containing at least one element 
selected from the group consisting of Mg, Ca, Sr, Ba, 

10 Sc, Y, lanthanoid, Ti, Zr, Hf, V, Nb, Ta, Mo, W, Zn, B, Al, 
Ga, In, Si, Ge, Sn and P and at least one element se- 
lected from the group consisting of O, S, Se, F, CI and 
Br is used as the yellow/yellowish phosphor. The com- 
ponent does not include an element having a large spe- 

15 cific gravity such as Cd. 

[0085] In this manner, if a yellow/yellowish phosphor 
having an absolute specific gravity smaller than that of 
a YAG-based phosphor is used in the method for fabri- 
cating the luminescent layer by curing the phosphor 

20 paste including the yellow/yellowish phosphor and the 
resin, the difference in specific gravity between the resin 
(generally having an absolute value smaller than that of 
the phosphor except for special cases) and the phos- 
phor is reduced. Thus, the phosphor is less liable to sed- 

25 jment in the phosphor paste by gravity before or during 
the curing of the phosphor paste, resulting in that the 
resultant luminescent layer has a structure in which the 
phosphor particles are dispersed substantially evenly 
throughout the resin or a like structure. In addition, since 

30 a phosphor containing no noxious Cd, preferably a 
phosphor including an oxide, is used, fabrication, han- 
dling, storage, control and the like therefor are easy. 
[0086] In the step a), a yellow/yellowish phosphor 
having a particle size in the range from 0.5 \m to 30 prn, 

35. both inclusive, may be used. 

[0087] Then, it is possible to obtain a luminescent lay- 
er exhibiting a high luminous intensity and having a 
structure in which phosphor particles are dispersed. 
[0088] In the step a), a silicate phosphor containing, 

40 as a main component, at least one type of a compound 
expressed by the chemical formula 

(Sr, -a1-b1-xBa a1 Ca b1 Eu x ) 2 Si0 4 

45 

(where 0^a1 so.3, 0^b1 ^0.8 and 0<x<1) 
may be used as the yellow/yellowish phosphor. 
[0089] It should be noted that the values a1, b1 and 
x are preferably in the ranges 0<a1 s 0.2, 0^b1^0.7 

so and 0.005<x<0.1 . A silicate phosphor having a compo- 
sition within the preferable ranges and emitting a fluo- 
rescence with a main emission peak in the wavelength 
range from 560 nm to 600 nm, both inclusive, has an 
absolute specific gravity smaller than that of a YAG- 

55 based phosphor in general, i.e., in the range from 3.0 to 
4.65, both inclusive. In addition, the silicate phosphor 
also serves as a yellow/yellowish phosphor which emits 
yellow/yellowish light when excited by blue light. There- 
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fore, if a luminescent layer is formed using the silicate 
phosphor in combination with a resin (e.g., an epoxy res- 
in) having an absolute specific gravity in the range great- 
er than or equal to 0.8 and less than or equal to the ab- 
solute value of the yellow/yellowish phosphor, the lumi- 
nescent layer is implementable as a luminescent layer 
exhibiting a high luminous intensity and having a struc- 
ture in which phosphor particles are dispersed in an ac- 
tual process. In the case where the value a1 is larger 
than the preferable range, as the value a1 increases, 
the absolute specific gravity of the silicate phosphor in- 
creases so that the phosphor particles are more liable 
to sediment in the phosphor paste and, as a result, it 
might be impossible to obtain a luminescent layer with 
a structure in which the phosphor particles are dis- 
persed. This action is due to the fact that a Ba atom is 
heavier than aSr atom. 

[0090] Now, a relationship among the composition, 
the absolute specific gravity, and the main emission 
peak wavelength of a YAG-based phosphor is simply 
described. Though the absolute gravity of a YAG-based 
phosphor varies largely depending on the composition, 
especially the amount of Gd substituting Y, a YAG-based 
phosphor having a main emission peak in the wave- 
length range from 560 nm to 600 nm, both inclusive, un- 
der room temperature has a large substitution amount 
of Gd in general, resulting in having an absolute gravity 
greater than 4.55, greater, moreover, than 4.60, 4.65, 
and even exceeding 4.7. That is to say, such a YAG- 
based phosphor is heavy. 

[0091] Ultra-fine particles including primary particles 
having an average particle size in the range from 1 nm 
to 100 nm, both inclusive, may be included in the phos- 
phor paste and a luminescent layer may be formed by 
curing the phosphor paste. The sedimentation speed of 
the ultra-fine particles in a resin is extremely low and is 
almost zero. Therefore, in this manner, the ultra-fine par- 
ticles suspended in the resin act in such a manner as 
preventing the sedimentation of the yellow/yellowish 
phosphor, so that the sedimentation speed of the yellow/ 
yellowish phosphor decreases. As a result, a lumines- 
cent layer with a structure in which phosphor particles 
are dispersed is easily obtained. 
[0092] In addition, the device may be configured such 
that blue light emitted by a blue- light-emitting diode 
passes through the luminescent layer so that the color 
of a (yellow/yellowish, red/reddish or green/greenish) 
fluorescence emitted by the phosphor is added to the 
color of the blue light, thereby emitting white light. Then, 
the colors of the blue light and the (yellow/yellowish, red/ 
reddish or green/greenish) fluorescence emitted by the 
phosphor are added together as intended, thereby ob- 
taining white light. 

[0093] Examples of methods for suppressing the sed- 
imentation of the phosphor particles while the phosphor 
paste is curing include the following methods. 
[0094] A first method is a method for fabricating a 
light-emitting semiconductor device including the steps 



of: a) covering a light-extracting surface of a blue-light- 
emitting device with a phosphor paste including a resin 
and phosphor particles; and b) curing the phosphor 
paste while applying a vibration to the phosphor paste. 

5 [0095] A second method is a method for fabricating a 
light-emitting semiconductor device including the steps 
of: a) covering a light-extracting surface of a blue-light- 
emitting device with a phosphor paste including a resin 
and phosphor particles; and b) curing the phosphor 

10 paste while turning over the phosphor paste. 

[0096] A third method is a method for fabricating a 
light-emitting semiconductor device including the steps 
of: a) covering a light-extracting surface of a blue-light- 
emitting device with a phosphor paste including a resin 

15 and phosphor particles; and b) curing the phosphor 
paste, wherein the steps a) and b) are performed a plu- 
rality of times. 

[0097] A fourth method is a method for fabricating a 
light-emitting semiconductor device including the steps 

20 of: a) covering a light-extracting surface of a blue-light- 
emitting device with a phosphor paste including a resin 
and phosphor particles and having a viscosity in the 
range from 1 Pa-S to 100 Pa-S, both inclusive; and b) 
curing the phosphor paste, wherein the steps a) and b) 

25 are performed a plurality of times. 

[0098] A fifth method for fabricating a light-emitting 
semiconductor device including the steps of: a) covering 
a light-extracting surface of a blue-light-emitting device 
with a phosphor paste including a resin and phosphor 

30 particles; and b) curing the phosphor paste with ultravi- 
olet radiation. 

[0099] A sixth method for fabricating a light-emitting 
semiconductor device including the steps of: a) covering 
a light-extracting surface of a blue-light-emitting device 
35 with a phosphor paste including a resin and phosphor 
particles; and b) curing the phosphor paste while agitat- 
ing the phosphor paste. 

[0100] Examples of methods for obtaining a light- 
emitting semiconductor device with a structure in which 
4£> a maximum amount of phosphor particles are made 
close to the blue-light-emitting device include the follow- 
ing methods. 

[0101] A first method is a method including the steps 
of: a) covering at least a light-extracting surface of a 

45 blue-light-emitting device which emits light having a 
main emission peak in the wavelength range greater 
than 430 nm and less than or equal to 500 nm, with a 
first phosphor paste including a base material of a trans- 
lucent resin and phosphor particles including a yellow/ 

so yellowish phosphor; b) covering the first phosphor paste 
with a second phosphor paste including at least a trans- 
lucent resin and containing a yellow/yellowish phosphor 
at a concentration lower than that in the first phosphor 
paste, after the step a) has been performed; and c) cur- 

55 ing the first and second phosphor pastes. In the step a), 
as the yellow/yellowish phosphors, a silicate phosphor 
which is a yellow/yellowish phosphor absorbing light 
emitted by the blue-light-emitting device to emit light 
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having a main emission peak in the wavelength range 
from 550 nm to 600 nm, both inclusive, and which con- 
tains, as a main component, at least one type of a com- 
pound expressed by the chemical formula 

5 

( Sr i.ai-bi-xBa a1 Ca bl Eu x ) 2 Si0 4 

(where 0^a1^0.3, 0^b1^0.8 and 0<x<1) 
is used. 10 
[0102] A second method is a method including the 
steps of: a) attaching phosphor particles including a yel- 
low/yellowish phosphor to at least a light-extracting sur- 
face of a blue-light-emitting device which emits light hav- 
ing a main emission peak in the wavelength range great- is 
er than 430 nm and less than or equal to 500 nm; b) 
covering at least the light-extracting surface of the blue- 
light-emitting device with a translucent resin, afier the 
step a) has been performed; and c) curing the resin. In 
the step a), as the yellow/yellowish phosphor, a silicate 20 
phosphor which is a yellow/yellowish phosphor absorb- 
ing light emitted by the blue-light-emitting device to emit 
light having a main emission peak in the wavelength 
range from 550 nm to 600 nm, both inclusive, and which 
contains, as a main component, at least one type of a 25 
compound expressed by the chemical formula 

(Sr, 

-a1-b1-x Ba a1 Ca b1 Eu x)2 Si °4 

30 

(where 0^a1^0.3, 0^b1^0.8 and 0<x<1) 
is used. 

[0103] In this method, in the step a), the yellow/yel- 
lowish phosphor particles may be sprinkled on the blue- 
light-emitting device. Alternatively, in the step a), the 35 
blue-light-emitting device may be immersed in a sus- 
pension containing phosphor particles including a yel- 
low/yellowish phosphor and a volatile solvent, and then 
the solvent may be evaporated. 

[0104] A third method is a method including the steps 40 
of: a) covering at least a light-extracting surface of a 
blue-light-emitting device which emits light having a 
main emission peak in the wavelength range greater 
than 430 nm and less than or equal to 500 nm, with a 
phosphor paste including a translucent resin and phos- 45 
phor particles, which includes a yellow/yellowish phos- 
phor and to whose surfaces positively charged sub- 
stances are attached; and b) curing the phosphor paste. 
In the step a), as the yellow/yellowish phosphor, a sili- 
cate phosphor which is a yellow/yellowish phosphor ab- 50 
sorbing light emitted by the blue-light-emitting device to 
emit light having a main emission peak in the wave- 
length range from 550 nm to 600 nm, both inclusive, and 
which contains, as a main component, at least one type 
of a compound expressed by the chemical formula 55 

(Sr 1 . a1 . b1 . x Ba a1 Ca b1 Eu x ) 2 Si0 4 



(where 0^a1 ^0.3, 0^b1 ^0.8 and 0<x<1 ) 
is used. 

BRIEF DESCRIPTION OF DRAWINGS 
[0105] 

FIG. 1 is a vertical cross-sectional view showing a 
first exemplary light-emitting semiconductor device 
according to a first embodiment of the present in- 
vention. 

FIG. 2 is a vertical cross-sectional view showing a 
second exemplary light-emitting semiconductor de- 
vice according to the first embodiment of the 
present invention. 

FIG. 3 is a vertical cross-sectional view showing a 
third exemplary light-emitting semiconductor de- 
vice according to the first embodiment of the 
present invention. 

FIG. 4 is a perspective view schematically showing 
a configuration of a desk-lamp-type lighting system 
as a first exemplary light-emitting system according 
to a second embodiment of the present invention. 
FIG. 5 is a perspective view schematically showing 
a configuration of an image displaying system as a 
second exemplary light-emitting system according 
to the second embodiment of the present invention. 
FIG. 6 is a perspective view schematically showing 
a configuration of a pattern displaying system as a 
third exemplary light-emitting system according to 
the second embodiment of the present invention. 
FIG. 7 is a cross-sectional view showing an exam- 
ple of a chip-type light-emitting semiconductor de- 
vice fabricated by a known pouring technique. 
FIG. 8 is a graph showing excitation-light spectra 
and emission spectra of a silicate phosphor and a 
YAG-based phosphor. 

FIG. 9 is a SEM micrograph showing a cross-sec- 
tional structure of a coating of the light-emitting 
semiconductor device in the state shown in FIG. 7. 
FIG. 10 is a SEM micrograph showing a magnified 
view of a portion near a casing. 
FIG. 11 is a graph showing a luminous intensity 
(main emission peak intensity) of a silicate phos- 
phor after primary firing and a luminous intensity 
(main emission peak intensity) of a silicate phos- 
phor after secondary firing, as functions of a primary 
firing temperature. 

FIGS. 12(a) through 12(d) are cross-sectional 
views showing respective process steps for fabri- 
cating a light-emitting semiconductor device of a 
first concrete example. 

FIGS. 13(a) and 13(b) are respectively a top view 
and a cross-sectional view showing a light-emitting 
semiconductor device formed by a fabrication 
method of the first concrete example. 
FIGS. 14(a) through 14(c) are cross-sectional 
views showing first-half stages of a process for fab- 
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heating a light-emitting semiconductor device of a 
second concrete example. 
FIGS. 15(a) and 15(b) are cross-sectional views 
showing the latter half of the process for fabricating 
the light-emitting semiconductor device of the sec- 5 
ond concrete example. 

FIGS. 16(a) through 16(c) are cross-sectional 
views showing first-half stages of a process for fab- 
ricating a light-emitting semiconductor device of a 
third concrete example. 10 
FIGS. 17(a) and 17(b) are plan views respectively 
showing two methods for applying ultrasonic vibra- 
tion in a first concrete example of a method for fab- 
ricating a light-emitting semiconductor device. 
FIGS. 18(a) and 18(b) are plan views respectively *5 
showing two methods for applying ultrasonic vibra- 
tion in the first concrete example of the method for 
fabricating a light-emitting semiconductor device, 
FIGS. 19(a) and 19(b) are cross-sectional views 
showing a method for turning over a mold in the first 20 
concrete example (transfer technique) of the meth- 
od for fabricating a light-emitting semiconductor de- 
vice. 

FIGS. 20(a) and 20(b) show the respective states 
in turning over the mold in the step shown in FIG. 25 
15(a) in the second concrete example of the proc- 
ess for fabricating the light-emitting semiconductor 
device. 

FIGS. 21(a) through 21(d) are cross-sectional 
views for use in comparison between a known 30 
white-light-emitting device in which phosphor parti- 
cles sediment and a white-light-emitting device in 
which phosphor particles are evenly dispersed in a 
resin. 

FIG. 22 is a cross-sectional view showing a pre- 35 
ferred concrete example of a phosphor paste dis- 
charging apparatus. 

FIG. 23 is an X-ray diffraction pattern showing a re- 
sult of an X-ray diffraction analysis performed on a 
silicate phosphor and also showing the relationship 40 
between the diffraction angle and the X-ray diffrac- 
tion intensity. 

FIG. 24 is a graph showing a particle-size distribu- 
tion in the silicate phosphor observed with a particle 
size analyzer. 45 
FIG. 25 is a graph showing a result of evaluation 
performed on emission of the silicate phosphor 
through integration using an integrating sphere. 
FIGS. 26(a) and 26(b) are X-ray diffraction patterns 
respectively showing a (Sr 0 98 Eu 002 ) 2 SiO 4 phos- so 
phor containing neither Ca nor Ba and a publicly 
known monoclinic Sr 2 Si0 4 compound. 
FIGS. 27(a) and 27(b) are X-ray diffraction patterns 
respectively showing a <Sr 093 Ba 005 Eu 002 ) 2 SiO 4 
phosphor containing no Ca and containing 5 at.% 55 
Ba in terms of substitution amount and a publicly 
known orthorhombic Sr 2 Si0 4 compound. 
FIGS. 28(a) and 28(b) are X-ray diffraction patterns 



respectively showing a (Bao 98 Eu 0 02 ) 2 SiO 4 phos- 
phor containing neither Ca nor Sr and a known or- 
thorhombic Ba 2 Si0 4 compound. 
FIGS. 29(a) and 29(b) are X-ray diffraction patterns 
respectively showing a (Ca 0 3aBa 060 Eu 0 02 ) 2 SiO 4 
phosphor containing 38 at.% Ca and 60 at.% Ba 
and a known hexagonal Ba 0 3 Ca 0 7 SiO 4 compound. 
FIGS. 30(a) and 30(b) are X-ray diffraction patterns 
respectively showing a (Cao. 98 Eu 002 ) 2 Si0 4 phos- 
phor containing neither Sr nor Ba and a publicly 
known monoclinic CagSiC^ compound. 
FIGS. 31(a) and 31(b) are X-ray diffraction patterns 
respectively showing a (Sr 0 . 84 Ba 0/l4 Eu a02 ) 2 
(Si 0 8 Ge 0 2 )0 4 phosphor in which part of Si is sub- 
stituted with Ge and a publicly known orthorhombic 
Sr 2 Si0 4 compound. 

FIG. 32 is a graph showing emission spectra of 
( Sr o.98-a3 Ba a3 Eu o.02)2 Sj °4 phosphors having dif- 
ferent Ba substitution amounts (a3). 
FIG. 33 is a graph showing emission spectra of 
( Ca b3Sr 0 .93-b 3 Bao.o 5 Eu 0 .02)2 S '°4 phosphors con- 
taining 5 at.% Ba in terms of substitution amount 
and having different Ca substitution amounts (b3). 
FIG. 34 is a graph showing emission spectra of 
(Ca b3 Ba 098 . b3 Eu 002 ) 2 SiO 4 phosphors having dif- 
ferent Ca substitution amounts (b3). 
FIG. 35 is a graph showing emission spectra of 
(Ca 0 19 Sr 0 55 Bao 24 Eu 0 02 ) 2 SiO 4 phosphor in which 
the Ca substitution amount (b3) is 19 at.% and the 
Ba substitution amount (a3) is 24 at.%. 
FIG. 36 is a graph showing a dependence of the 
main emission peak wavelength on the Ba substi- 
tution amount (a3) in a (Sr 098 . a3 Ba a3 Eu 0 . 02 ) 2 SiO 4 
phosphor (a silicate phosphor). 
FIG. 37 is a graph showing a dependence of the 
main emission peak wavelength on the Ca substi- 
tution amount (b3) in a (Ca b3 Sr 0 . 93 _ M Ba 0 . 05 
Eu o.02)2 Si °4 Phosphor (a silicate phosphor). 
FIG.. 38 is a graph showing a dependence of the 
main emission peak wavelength on the Ca substi- 
tution amount (b3) in a (Ca^Bao^Euo^S^ 
phosphor (a silicate phosphor). 
FIG. 39 is a graph showing an emission spectrum 
of a (Sr 084 Bao 14 Eu 002 ) 2 (Si 08 Ge 02 )O 4 phosphor 
in which part of Si is substituted with Ge, for refer- 
ence. 

FIG. 40 is a graph showing emission spectra of 
( Sr i-x Eu x)2 Si0 4 Phosphors having mutually differ- 
ent Eu concentrations (x) for reference. 
FIG. 41 is a graph showing emission spectra of 
( Sr o.95-x Ba o.05 Eu x)2 s '°4 phosphors for reference. 
FIG . 42 is a graph showing respective dependences 
of the main emission peak wavelengths on the Eu 
concentrations of a (Sr^EuJgS^ phosphor and 
a ( Sr o.95- xBa a05 Eu x ) 2 SiO 4 phosphor. 
FIG. 43 is a graph showing an example of a rela- 
tionship between luminescence characteristic of a 
phosphor and luminescent-center concentration. 
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FIG. 44 is a graph showing a relationship between 
phosphor weight percent and luminance. 
FIG. 45 is a graph showing a relationship between 
phosphor concentration and total luminous flux. 
FIG. 46 is a graph showing a relationship between 5 
phosphor concentration and total radiant flux. 
FIG. 47 is a graph showing a relationship between 
phosphor concentration and chromaticity (value x). 
FIG. 48 is a graph showing a relationship between 
absolute specific gravity and main emission peak 
wavelength for a YAG-based phosphor and a sili- 
cate phosphor. 

FIG. 49 is a plan view showing a state of a wafer 
with a plurality of Zener diodes in connecting blue 
LEDs to the respective Zener diodes. 
FIGS. 50(a) through 50(c) are cross-sectional 
views showing respective process steps in a first 
example of a fabrication method according to a third 
embodiment. 

FIGS. 51(a) through 51(c) are cross-sectional 
views showing respective process steps in a sec- 
ond example of the fabrication method according to 
the third embodiment. 

FIGS. 52(a) through 52(d) are cross-sectional 
views showing respective process steps in a third 
example of the fabrication method according to the 
third embodiment. 

FIG. 53 is a table showing typical compositions and 
characteristics of silicate phosphors for reference. 
FIG. 54 is a table showing experimental data on lu- 
minance characteristics for a light-emitting semi- 
conductor device using a YAG-based phosphor and 
a light-emitting semiconductor device using a sili- 
cate phosphor. 

FIG. 55 is a table showing respective characteris- 
tics of samples in which ultra-fine-powdery silicon 
dioxide such as ultra-fine-powdery silica is intro- 
duced, as a thixotropy improver, in a silicate phos- 
phor for a light-emitting semiconductor device. 
FIG. 56 is a cross-sectional view showing a struc- 
ture of a light-emitting semiconductor device includ- 
ing a plurality of blue LEDs. 
FIG. 57 is a cross-sectional view showing a struc- 
ture of a light-emitting system including a large 
number of blue LEDs and a single luminescent lay- 
er. 

BEST MODE FOR CARRYING OUT THE INVENTION 

EMBODIMENT 1 

[0106] Hereinafter, a first embodiment of the present 
invention relating to a light-emitting semiconductor de- 
vice and a method for suppressing color unevenness in 
the light-emitting semiconductor device will be de- 
scribed with reference to the drawings. 
[0107] FIG. 1 is a vertical cross-sectional view show- 
ing a first exemplary light-emitting semiconductor de- 



vice as a relatively typical example of this embodiment. 
As shown in FIG. 1 , the first exemplary light-emitting 
semiconductor device is a chip-type light-emitting sem- 
iconductor device including: a substrate 4 (a submount 
element) functioning as a Zener diode; a flip-chip-type 
blue LED 1 mounted on the substrate 4 to be electrically 
connected to the Zener diode in the substrate; and a 
luminescent layer 3 encapsulating the blue LED 1 and 
made of a mixture of yellow/yellowish phosphor parti- 
cles 2 and a base material 13 (a translucent resin). The 
blue LED 1 has a main light-extracting surface facing 
upward as shown in FIG. 1 . The luminescent layer 3 is 
situated so that blue light emitted from the main light- 
extracting surface passes therethrough. 
[0108] FIG. 2 is a vertical cross-sectional view show- 
ing a second exemplary light-emitting semiconductor 
device according to this embodiment. As shown in FIG. 
2, the second exemplary light-emitting semiconductor 
device is a bulletlike light-emitting semiconductor device 
including: a lead frame 5; a cup 6 provided in a mount 
lead of the lead flame 5; a blue LED 1 mounted in a re- 
cess of the cup 6 to be electrically connected to the lead 
frame 5 via bonding wires; a luminescent layer 3 formed 
in the cup 6 and made of a mixture of yellow/yellowish 
phosphor particles 2 and a base material 13 (a resin); 
and an encapsulating resin 7 for encapsulating the lead 
frame 5, the luminescent layer 3 and the bonding wires. 
The side wall of the recess of the cup 6 functions as a 
reflecting plate that reflects light. The blue LED 1 has a 
main light-extracting surface facing upward as shown in 
FIG. 2. The luminescent layer 3 is situated so that blue 
light emitted from the main light-extracting surface pass- 
es therethrough. 

[0109] FIG. 3 is a vertical cross-sectional view show- 
ing a third exemplary light-emitting semiconductor de- 
vice according to this embodiment. As shown in FIG. 3, 
the third exemplary light-emitting semiconductor device 
is a chip-type light-emitting semiconductor device in- 
cluding; an integrated resin casing 8 having a recess; a 
blue LED 1 placed in the recess of the casing 8; exter- 
nally connecting terminals 51 and 52 extending from on 
the bottom of the recess to the outside through the re- 
spective sides of the casing 8; bonding wires connecting 
the externally connecting terminals 51 and 52 to pad 
electrodes on the blue LED 1; and a luminescent layer 
3 formed in the casing 8 and made of a mixture of yellow/ 
yellowish phosphor particles 2 and a resin. The side wall 
of the recess of the casing 8 functions as a reflecting 
plate that reflects light. The blue LED 1 has a main light- 
extracting surface facing upward as shown in FIG. 3. 
The luminescent layer 3 is situated so that blue light 
emitted from the main light-extracting surface passes 
therethrough. 

[0110] In each of the first through third exemplary 
light-emitting semiconductor devices shown in FIGS. 1 
through 3, the blue LED 1 is an LED which emits light 
having a main emission peak in the wavelength range 
greater than 430 nm and less than or equal to 500 nm, 
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and the yellow/yellowish phosphor particles 2 is a phos- 
phor which absorbs blue light emitted by the blue LED 

1 to emit a luminescence having a main emission peak 
in the wavelength range from 550 nm to 600 nm, both 
inclusive. The luminescent layer 3 is a luminescent layer s 
including the yellow/yellowish phosphor particles 2. 
[0111] A blue-light-emitting device according to the 
present invention may be a device selected from among 

a laser diode, a surface emitting laser diode, an inorgan- 
ic electroluminescence device and an organic electro- 10 
luminescence device, as well as the blue LED (blue- 
light-emitting diode) of this embodiment. However, in 
terms of increase in the output and the lifetime of the 
light-emitting semiconductor device, diodes such as a 
light-emitting diode, a laser diode and a surface emitting 15 
laser diode are superior to other devices. 
[0112] The inventive light-emitting semiconductor de- 
vice is a light-emitting semiconductor device configured 
by combining the blue LED 1 and the luminescent layer 
3 containing the yellow/yellowish phosphor particles 2 20 
that absorbs blue light emitted by the blue LED 1 to emit 
a fluorescence having an emission peak in the wave- 
length range from 550 nm to 600 nm, both inclusive. The 
yellow/yellowish phosphor particles 2 contained in the 
luminescent layer 3 is excited by part of the light from 25 
the blue LED 1 to produce a fluorescence with a wave- 
length different from that of the light from the blue LED. 
Accordingly, the color mixture of the fluorescence from 
the yellow/yellowish phosphor and the light from the 
blue LED that has been output and does not contribute 30 
to excitation ofthe yellow phosphor is produced, thereby 
allowing emission of white or whitish light. 
[0113] Now, the yellow/yellowish phosphor particles 

2 are a silicate phosphor containing, as a main compo- 
nent, a compound expressed by the following Chemical 35 
Formula (1): 

( Sr i-ai-bi-x B aai Ca biEu x ) 2 Si0 4 (1) 

40 

In Chemical Formula (1 ), the values a1 , b1 and x are in 
the range 0^a1^0.3, 0^b1^0.8 and 0<x< 1, respec- 
tively). 

[01 1 4] This silicate phosphor can be in the three kinds 
of crystal structures of an orthorhombic system, a mon- 45 
oclinic system and a hexagonal system, as will be de- 
scribed later in detail using experimental data. In the in- 
ventive light-emitting semiconductor device, it is suffi- 
cient for the yellow/yellowish phosphorto emit afluores- 
cence having a main emission peak in the wavelength 50 
range from 550 nm to 600 nm, both inclusive, by absorb- 
ing blue light emitted by the blue LED 1. The crystal 
structure of the silicate phosphor may be any one of the 
orthorhombic system, the monoclinic system and the 
hexagonal system. 55 
[0115] An experiment done by the present inventors 
shows that such a yellow/yellowish phosphor is limited 



to a silicate phosphor containing, as a main component, 
a compound expressed by the following Chemical For- 
mula (2): 

( Sr i-ai.b2.x B aaiCa b2 Eu x ) 2 Si0 4 (2) 

In Chemical Formula (2), the values a1 , b2 and x are in 
the ranges 0<a1 ^0.3, 0^b2g 0.6 and 0<x< 1 , respec- 
tively. It is preferable that the values a1 , b2 and x are in 
the ranges 0<a1^0.2, 0<b2^0.4 and 0.005<x<0.1, re- 
spectively. It is more preferable that the values a1, b2 
and x are in the ranges 0<also.15, 0<b2^0.3 and 
0.01 <x< 0.05, respectively. It is most preferable that the 
values a1 f b2 and x are in the ranges 0.01 ^a1^0.1 , 
0.001 ^b2^0. 05 and 0.01<x^0.02, respectively. 
[0116] With a composition in which the values a1 and 
b2 in Chemical Formula (2) are smaller than the ranges 
mentioned above, the silicate phosphor is liable to have 
an unstable crystal structure and to include a monoclinic 
crystal structure, resulting in that the emission charac- 
teristics change depending on the operation tempera- 
ture. On the other hand, with a composition in which 
these values are larger than the ranges, even if the crys- 
tal structure is an orthorhombic system, the phosphor 
emits greenish light, proving to be not a desirable yellow/ 
yellowish phosphor but a green/greenish phosphor. Ac- 
cordingly, even if the phosphor is combined with a blue 
LED, a white-light-emitting semiconductor device exhib- 
iting an excellent color of light is not achieved. With a 
composition in which the amount of addition of Eu x is 
smaller than the range, the luminous intensity is low. 
With a composition in which the amount is larger than 
the range, there arises noticeably not only a problem 
that the luminous intensity is low because of concentra- 
tion quenching (of luminescence) or self-absorption 
caused by Eu 2+ ions but also a problem of thermal 
quenching that the luminous intensity decreases as the 
ambient temperature increases. The yellow/yellowish 
phosphor used in the present invention is preferably a 
silicate phosphor having an orthorhombic crystal struc- 
ture because the silicate phosphor emits the yellow/yel- 
lowish light which is excellent in color purity and, there- 
fore, a light-emitting semiconductor device emitting 
white light with excellent color can be provided. Part of 
Sr, Ba or Ca may be substituted with Mg orZn to stabilize 
the crystal structure of the silicate phosphor or to en- 
hance the luminous intensity. 

[0117] To control the color of light emitted by the sili- 
cate phosphor, part of Si may be substituted with Ge. 
That is to say, the inventive light-emitting semiconductor 
device may be a light-emitting semiconductor device us- 
ing a yellow/yellowish phosphor containing, as a main 
component, a compound expressed by the following 
Chemical Formula (3): 
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( Sr i-ai-bi-xBa a1 Ca b1 Eu x ) 2 Si 1 . 2 Ge z 0 4 (3) 

where the values a1, b1, x and z are in the ranges 
0^a1^0.3, 0^b1^0.8, 0<x<1 and 0 ^z<1 (preferably 
0^z^0.2, respectively). If part of Si is substituted with 
Ge, the tendency of the luminous intensity to greatly de- 
crease is observed. However, if at least the substitution 
amount of Ge is 20 atomic percent (at.%) or more, the 
main emission peak shifts to shorter wavelengths, thus 
obtaining emission of greenish light. To hold luminous 
intensity, the substitution amount of Ge z is preferably 
as small as possible and the value z is preferably within 
the range lower than 0.2. 

[0118] Further, a red phosphor that absorbs light such 
as blue light emitted by the blue LED or yellow/yellowish 
light emitted by the silicate phosphor and has a main 
emission peak in the red wavelength range greater than 
600 nm and less than or equal to 660 nm may be addi- 
tionally used in order to compensate for the red spec- 
trum of the light emitted by the light-emitting semicon- 
ductor device. A green phosphor that absorbs light such 
as blue light from the blue LED and has a main emission 
peak in the green wavelength range greater than or 
equal to 500 nm and lower than 550 nm where the lu- 
minous efficacy is high may be also additionally used to 
enhance the luminous flux. 

[0119] Materials for such red and green phosphors 
are not limited to the materials used in this embodiment. 
Such a red or green phosphor may be a phosphor made 
of an inorganic compound or a phosphor made of an 
organic compound. 

[0120] Usages of such red and green phosphors are 
not limited to the method of this embodiment so long as 
the light-emitting semiconductor device further includes 
these phosphors (luminescence materials). These 
phosphors may be included in a luminescent layer or 
may be disposed apart from the luminescent layer so 
long as each of the phosphors absorbs the blue light to 
emit red or green light and the blue light passes through 
at least the luminescent layer. 
[0121] Examples of the red phosphor include: phos- 
phors such as a CaS : Eu 2+ phosphor and an SrS : Eu 2+ 
phosphor known as a cathodoluminescence material or 
an electroluminescence material; a rare-earth complex 
or a resin structure including the rare-earth complex dis- 
closed in, for example, Japanese Laid-Open Publica- 
tions Nos. 11-246510 and 2000-63682; and an 
LiEuW 2 0 Q phosphor disclosed in, for example, Japa- 
nese Laid-Open Publication No. 2001-267632. 
[01 22] The use of such a red phosphor increases the 
intensity of red emission spectrum of the light-emitting 
semiconductor device, especially a white-light-emitting 
semiconductor device, resulting in enhancement of R9 
recited in JIS Z 8726-1990 or color gamut ratio Ga re- 
cited in JIS Z 8726-1 990 for reference, which are known 
as special color rendering indices representing faithful- 



ness toward red in the field of illumination, thus allowing 
the light-emitting semiconductor device to exhibit the 
color of light in which these indices are high. 
[0123] Examples of the green phosphor include: an 
5 SrGa 2 S 4 : Eu 2+ phosphor known as a cathodolumines- 
cence material or an electroluminescence material; and 
a silicate phosphor emitting a fluorescence having an 
emission peak in the wavelength range from 500 nm to 
600 nm, both inclusive, and containing, as a main corn- 
to ponent, a compound expressed by the following Chem- 
ical Formula (4): 

(Sri-aa-ba-xBa^Ca^EuJ^IO.^ (4) 

15 

[0124] In the formula, the values a3, b3 and x are in 
the ranges 0^a3^1 , 0^b3^1 and 0 < x< 1 , respective- 
ly. 

[0125] This (Sr 1 . a3 . b 3. x Ba a3 Ca b 3Eu x ) 2 Si0 4 silicate 
20 phosphor is a phosphor different from the above-de- 
scribed silicate phosphor emitting yellow/yellowish light, 
only in composition and crystal structure. Accordingly, 
the (Sr 1 . a3 . b 3. x Ba a3 Ca b 3Eu )( )2Si0 4 silicate phosphors 
have similar properties to those of the yellow/yellowish- 
25 light-emitting silicate phosphor. Therefore, the use of 
green-light-emitting silicate phosphor in combination 
with the yellow-light-emitting silicate phosphor is more 
preferable in terms of not only light-emitting semicon- 
ductor device characteristics but also the fabrication 
30 thereof 

[0126] To provide a light-emitting semiconductor de- 
vice emitting a desired color of light, a plurality of such 
silicate phosphors having mutually different composi- 
tions and each emitting yellow/yellowish light having an 

35 emission peak in the wavelength range from 550 nm to 
600 nm, both inclusive, may be included in a lumines- 
cent layer. The silicate phosphors are phosphors which 
can emit light covering a large area of the yellow/yellow- 
ish wavelength range by changing the compositions. 

40 Therefore, if a plurality of types of such silicate phos- 
phors are combined, it is possible to enlarge the color 
expression range of light which is emitted by the light- 
emitting semiconductor device, especially a light-emit- 
ting semiconductor device emitting white or whitish light, 

45 and determined by adding the colors of blue light from 
a blue LED and of yellow/yellowish light from the silicate 
phosphors. 

[0127] In terms of color control for light, especially for 
white or whitish light, emitted by the light-emitting sem- 

50 iconductor device, it is effective to include, in a lumines- 
cent layer, at least one type of silicate phosphor contain- 
ing a component expressed by Chemical Formula (4) 
as a main component and differing from a yellow/yellow- 
ish phosphor in composition. The silicate phosphor is a 

55 phosphor that emits light when excited by blue light with 
any of the composition ranges for the values a3 and b3 
and, moreover, that has an emission peak wavelength 
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variable in the wide wavelength range of about 505 to 
598 nm by changing the composition of the phosphor. 
If such a phosphor is additionally included in the lumi- 
nescent layer, the light-emitting semiconductor device 
emits light by adding the colors of blue light emitted by s 
the blue LED and yellow/yellowish light emitted by the 
yellow/yellowish-light-emitting silicate phosphor emit- 
ting light and at least one of blue-green, green, yellow 
and orange lights emitted by an (Sr^^Ba^Cat* 
Eu x ) 2 Si0 4 together, i.e., adding at least three colors to- 10 
gether. Therefore, it is possible to enlarge the range of 
color control for light emitted by the light-emitting sem- 
iconductor device. 

[0128] The light-emitting semiconductor device 
shown in any one of FIGS. 1 through 3 may use a sub- 15 
strate containing Cr and a blue LED in combination in 
order to compensate for the red spectrum of the light 
emitted by the light-emitting semiconductor device. 
Then, blue light emitted by the blue LED is utilized, 
thereby allowing the Cr-containing substrate capable of 20 
conversion into longer wavelengths to emit red light. In 
this way, white light with high color rendering perform- 
ance can be emitted by color mixing of the blue lightf rom 
the blue LED, the yellow light from the silicate phosphor 
and the red light from the Cr-containing substrate. That 25 
is to say, the present invention is naturally applicable to 
any type of light-emitting semiconductor devices such 
as a flip-chip-type, bulletlike or chip-type. 
[01 29] It is sufficient for the silicate phosphor to have 
a particle size of 0.1 to 100 pjn, both inclusive, in an 30 
evaluation of particle distribution with a laser diffraction 
particle size analyzer (e.g., LMS-30 produced by 
Seishin Enterprise Co., Ltd.). However, in terms of ease 
of the synthesis, availability of a phosphor or formability 
of a luminescent layer, the particle size preferably rang- 35 
es from 0.5 ^.m to 30 pjn, both inclusive, more preferably 
from 1 nm to 20 ^m, both inclusive, and still more pref- 
erably from 2 fim to 10 p.m, both inclusive. With respect 
to the particle-size distribution, it is sufficient for the sil- 
icate phosphor to include no particles smaller than 0.01 *o 
jim or greater than 1 000 jim. However, for the same pur- 
pose as for the particle size, the particle-size distribution 
in the silicate phosphor is preferably close to the normal 
distribution in the particle-size range from 1 \m\ to 50 
jim, both inclusive. 45 
[0130] Such a silicate phosphor can be fabricated by 
a synthesizing method described in, for example, the 
above-mentioned literature (J. Electrochemical Soc. 
Vol. 1 1 5, No. 11 (1 968) pp. 1181-1184). A methodforfab- 
ricating a silicate phosphor for the light-emitting semi- so 
conductor device of this embodiment will be described 
later. Hereinafter, properties of a silicate phosphor will 
be described in further detail. 
[0131] FIG. 8 is a graph showing examples of an ex- 
citation spectrum (i.e., a spectrum of light for exciting 55 
the silicate phosphor) and an emission spectrum of the 
orthorhombic silicate phosphor used in this embodi- 
ment. FIG. 8 also shows examples of an excitation light 



spectrum and an emission spectrum of a YAG-based 
phosphor for comparison in the same graph. 
[0132] As shown in FIG. 8, the YAG-based phosphor 
is a phosphor having three excitation-light peaks around 
100 nm to 300 nm, 300 nm to 370 nm, and 370 nm to 
550 nm, respectively, and absorbing light in these nar- 
row wavelength ranges to emit a yellow/yellowish fluo- 
rescence having an emission peak in the wavelength 
range of 550 to 580 nm, i.e. , from yellow-green to yellow. 
On the other hand, the silicate phosphor is a yellow/yel- 
lowish phosphor having an excitation-light peak around 
250 to 300 nm and absorbing light in the wide wave- 
length range of 1 00 to 500 nm to emit a yellow/yellowish 
fluorescence having an emission peak in the wave- 
length range of 550 to 600 nm (an example of which is 
shown in FIG. 8), i.e., from yellow-green, yellow to or- 
ange. In addition, the silicate phosphor exhibits a low 
luminous intensity, i.e., 1 00 to 30 % of that of the YAG- 
based phosphor in general, when irradiated with blue 
light (excitation light) greater than 430 nm and less than 
or equal to 500 nm. Specifically, when the wavelength 
of the excitation light is 470 nm, the luminous intensity 
of the silicate phosphor is half (50%) of the luminous 
intensity of the YAG-based phosphor. 
[0133] If the silicate phosphor has a composition in 
which the values a1 , b1 , b2 and x are within the respec- 
tive given ranges shown in Formulas (1 ) and (2), the ex- 
citation light and emission spectra thereof are similar to 
those shown in FIG. 8. 

[0134] Now, characteristics of a luminescent layer us- 
ing the silicate luminescent layer are described. 
[0135] The exemplary excitation spectrum and emis- 
sion spectrum shown in FIG. 8 show that the silicate 
phosphor is a yellow/yellowish phosphor having an ex- 
citation light peak around 250 to 300 nm and absorbing 
light in the wide wavelength range of 1 00 to 500 nm to 
emit a yellow/yellowish fluorescence having an emis- 
sion peak in the wavelength range from 550 to 600 nm, 
i.e., yellow-green, yellow to orange. Accordingly, com- 
bination of the silicate phosphor with a blue LED allows 
a light-emitting semiconductor device to emit light by 
adding the colors of the blue light from the blue LED and 
the fluorescence from the yellow/yellowish phosphor to- 
gether. 

[0136] Comparison in excitation spectrum between, 
the silicate phosphor and the YAG-based phosphor 
shown in FIG. 8 as examples indicates that the silicate 
phosphor is a phosphor having a relatively high internal 
quantum efficiency but having a low external quantum 
efficiency when irradiated with blue light (excitation light) 
in the wavelength range greater than 430 nm and less 
than or equal to 500 nm because the reflectance of blue 
excitation light is high. That is to say, the silicate phos- 
phor is a phosphor having a so-called low luminous ef- 
ficacy (external quantum efficiency). For example, in re- 
sponse to the excitation light of 470 nm, the silicate 
phosphor emits a fluorescence having an intensity only 
half of the intensity of the light emitted by the YAG-based 
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phosphor Therefore, in the case where a uniform color 
of light is to be obtained in a white-light-emitting semi- 
conductor device that emits white light by adding the 
colors of the blue light from the blue LED and the yellow 
light from the yellow/yellowish phosphor together, if the 
silicate phosphor is used, a larger amount of a phosphor 
is used than in the case where the YAG-based phosphor 
is used, so that the thickness of a luminescent layer is 
relatively thick. As a result, the phosphor is less affected 
by the unevenness created in the surface of the phos- 
phor, so that variation in thickness of the luminescent 
layer becomes substantially small, thus obtaining a 
light-emitting semiconductor device which emits light 
with small color unevenness. 

[0137] If a luminescent layer is formed using the 
above-described silicate phosphor and a resin, distribu- 
tion of phosphor particles in the luminescent layer is 
small, as compared to a known luminescent layer using 
a YAG-based phosphor. If a light-emitting semiconduc- 
tor device is configured by using a YAG-based phos- 
phor, phosphor particles are in contact with each other 
in a luminescent layer, thus arising a problem that the 
intensity of the resultant white or whitish light is low, as 
described above. Such a problem of low intensity be- 
cause of this reason is caused not only in the case where 
a YAG-based phosphor is used but also in any case 
where the light-emitting semiconductor device has a lu- 
minescent layer in which phosphor particles are in con- 
tact with each other. 

[0138] On the other hand, if conditions for forming a 
luminescent layer are selected as those for the light- 
emitting semiconductor device of this embodiment, 
phosphor particles are relatively evenly dispersed in the 
luminescent layer, thus obtaining a light-emitting semi- 
conductor device that emits light with small color une- 
venness. The reason why the use of the silicate phos- 
phor of this embodiment reduces distribution uneven- 
ness of the phosphor particles in the luminescent layer 
has been minutely investigated but has not clarified 
completely yet. However, the reduction in distribution 
unevenness of the phosphor particles definitely relates 
to at least the fact that the difference in specific gravity 
between the phosphor and the resin is smaller than that 
between the YAG-based phosphor and the resin. 
[0139] Hereinafter, the point where the luminescent 
layer in the light-emitting semiconductor device of this 
embodiment has a structure in which phosphor particles 
are relatively evenly dispersed throughout a base ma- 
terial (a scattering structure) will be described with ref- 
erence to FIGS. 1 through 3. 

[0140] In the luminescent layer 3 shown in FIGS. 1 
through 3, as has been described above, the yellow/yel- 
lowish phosphor particles 2 are a phosphor that absorbs 
blue light emitted by a blue LED and having a main emis- 
sion peak in the wavelength range from 550 nm to 600 
nm, both inclusive, and are also a silicate phosphor. The 
base material 13 is a translucent resin such as an epoxy 
resin, an acrylic resin, a polyimide resin, a urea resin or 



a silicone resin. 

[0141] The luminescent layer 3 of the inventive light- 
emitting semiconductor device may include a phosphor 
in addition to the yellow/yellowish phosphor or may in- 

5 elude a substance other than a phosphor. Moreover, the 
luminescent layer 3 may contain a plurality of types of 
such yellow/yellowish phosphors. 
[0142] In the light- emitting semiconductor device of 
this embodiment, so long as the luminescent layer 3 has 

10 a structure in which the yellow/yellowish phosphor par- 
ticles 2 are dispersed in the base material 13 as shown 
in FIGS. 1 through 3, the size and the shape of the yel- 
low/yellowish phosphor particles 2 in the luminescent 
layer 3 are not specifically limited. It has been proved 

15 that if silicate phosphor particles are used as phosphor 
particles in the luminescent layer, the use of the phos- 
phor particles having a particle size in the range from 
0.5 pjn to 30 p.m, both inclusive, allows the luminescent 
layer to have a structure in which the phosphor particles 

20 are dispersed as shown in FIGS. 1 through 3. 

[0143] The smaller the size of the yellow/yellowish 
phosphor particles 2 is, the more dispersed the particles 
in the luminescent layer 3 are. However, since small 
phosphor particles have a large specific surface area (of 

25 particles), the ratio of the surface area of the particles 
where a lot of lattice defects are present is high with re- 
spect to the volume of the phosphor particles, so that 
the luminous intensity of light from the luminescent layer 
3 decreases. On the other hand, if the phosphor partt- 

30 cles are large in size, the yellow/yellowish phosphor par- 
ticles 2 readily sediment by gravity during the formation 
of the luminescent layer 3, so that the luminescent layer 
3 has a structure in which the phosphor particles are 
less dispersed. In view of this, the particle size of the 

35 yellow/yellowish phosphor is preferably in the above-de- 
scribed range (i.e. , the range from 0.5 nm to 30 \im, both 
inclusive), more preferably from 1 \im to 25 p.m, both 
inclusive, and still more preferably from 3 ^m to 20 ^.m, 
both inclusive. 

40 [01 44] A material for the base material 1 3 is not limited 
to the material described in this embodiment so long as 
the luminescent layer 3 has a structure in which phos- 
phor particles are dispersed as shown in FIGS. 1 
through 3. The base material 13 may be any material 

45 other than a resin so long as the material is translucent. 
If the base material 13 is a resin, the kind and the abso- 
lute specific gravity of the resin is not limited to this em- 
bodiment basically. 

[0145] In the case where the base material 13 is a res- 
50 in, as the absolute specific gravity of the resin comes 
close to the absolute specific gravity of the yellow/yel- 
lowish phosphor particles 2, the phosphor particles are 
tend to disperse more and more in the luminescent layer 
3. As will be described later, the absolute specific gravity 
55 of a resin is smaller than that of the yellow/yellowish 
phosphor particles 2 in general, the absolute specific 
gravity of the resin is preferably as large as possible 
within the range lower than the absolute specific gravity 
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of the yellow/yellowish phosphor particles 2. 
[0146] If the absolute specific gravity of the resin is 
small, the yellow/yellowish phosphor particles 2 readily 
sediment by gravity during the formation of the lumines- 
cent Iayer3, so that the phosphorparticles are less read- 
ily to disperse in the luminescent layer 3. In view of this, 
the absolute specific gravity of the resin is preferably set 
in the range greater than or equal to 0.8 and less than 
or equal to the absolute specific gravity of the phosphor 
particles, more preferably In the range greater than or 
equal to 1 .0 and less than or equal to the absolute spe- 
cific gravity of the phosphor particles, and still more pref- 
erably in the range greater than or equal to 1 .5 and less 
than or equal to the absolute specific gravity of the phos- 
phor particles 

[0147] According to "Plastic Data Handbook" (edited 
by Kimimasa ITO and published by Kogyo Chosakai 
Publishing Co. Ltd.) or "Nonmetallic Material Data Book" 
(published by Japanese Standards Association), for ex- 
ample, the absolute specific gravity of an epoxy resin is 
between 1.0 and 2.1, inclusive, the absolute specific 
gravity of an acrylic resin is between 1 .0 and 1 .4, inclu- 
sive, the absolute specific gravity of a polyimide resin is 
between 1 .3 and 1 .5, inclusive, the absolute specific 
gravity of a urea resin is about 1 .5 and the absolute spe- 
cific gravity of a silicone resin is between 1.7 and 2.0, 
inclusive. 

[0148] In each of the exemplary light-emitting semi- 
conductor devices shown in FIGS. 1 through 3, the lu- 
minescent layer 3 uses a mixture of phosphor particles 
and a resin (base material). Alternatively, the lumines- 
cent layer may be made by forming (or sintering) a lu- 
minescence material. 

— General fabrication method — 

[01 49] Co ncrete examples for fabricating an inventive 
light-emitting semiconductor device will be described in 
detail later. Now, a summary of a method for fabricating 
a luminescent layer 3 having a structure in which phos- 
phor particles are dispersed and preferred embodi- 
ments thereof are described 

[0150] A luminescent layer 3 with a structure in which 
phosphor particles are dispersed can be formed by plac- 
ing a phosphor paste, in which yellow/yellowish phos- 
phor particles 2 having an absolute specific gravity with- 
in a given range are dispersed in a base material 1 3 hav- 
ing an absolute specific gravity within a given range, in 
a position in a light-emitting semiconductor device 
through a process such as injection or application, and 
then by curing the phosphor paste. 
[0151] The phosphor paste can be fabricated by 
weighing and mixing the yellow/yellowish particles 2 and 
the base material 1 3 such as a resin such that the phos- 
phor paste has a given phosphor concentration. To mix 
these materials, various techniques may be used. Ex- 
amples of the techniques include mixing using a mortar, 
stirring using an agitator and mulling using a roller. 



[0152] In the mixing, the weight percentage of the yel- 
low/yellowish phosphor particles 2 with respect to the 
base material 13 (i.e., the phosphor concentration) is 
preferably in the range from 1 0 wt% to 80 wt%, both in- 
5 elusive, and more preferably in the range from 20 wt% 
to 60 wt%, both inclusive. If the phosphor concentration 
is lowerthan the ranges, the luminescent layer 3 exhibits 
weak emission of the yellow/yellowish phosphor so that 
the light-emitting semiconductor device configured by 
10 using the luminescent layer 3 emits bluer light, resulting 
in that it is difficult to obtain white light with excellent 
color tone. On the other hand, if the phosphor concen- 
tration is higher than the range, the luminescent layer 3 
exhibits strong emission of the yellow/yellowish phos- 
15 phor so that the light-emitting semiconductor device 
configured by using the luminescent layer 3 emits yel- 
lower light, resulting in that is difficult to obtain white light 
with excellent color tone. 

[0153] In the inventive method for fabricating the lu- 
minescent layer, a technique for curing the phosphor 
paste is not limited to a specific technique. The phos- 
phor paste may be cured by: using a material that cures 
by mixing two liquids such that the curing due to mixing 
of the two liquids occurs in the phosphor paste; heating 
the phosphor paste using a thermosetting material; or 
irradiating the paste with light using a photo-curing ma- 
terial. The luminescent layer 3 can be obtained with any 
one of the curing techniques for the phosphor paste. 
[0154] To form the luminescent layer 3 in which phos- 
phor particles are dispersed, it is preferable to suppress 
the sedimentation speed of the yellow/yellowish phos- 
phor particles 2 in the base material 13. 
[01 55] Hereinafter, the sedimentation speed of phos- 
phor particles being sedimenting in a solvent will be de- 
scribed for reference. According to Stokes* low, a ball 
having a radius r (unit : m) and a density p 2 is being sed- 
imenting in a fluid having a density p 1 and a viscosity 
coefficient t| (i.e., viscosity, unit: Pas or P (poise)) at a 
sedimentation speed u. (m/s) expressed by the following 
equation (5): 

H = {2xr 2 x(p 2 -p 1 )xg}/(9XT l ) (5) 

In Equation (5), g indicates a gravitational acceleration 
(unit : m-s- 2 ). 

[0156] Therefore, qualitatively, the sedimentation 
speed of phosphor particles being sedimenting in a resin 
as a solvent decreases as the particle size of the phos- 
phor particles decreases, the speed also decreases as 
the difference in specific gravity between the phosphor 
particles and the resin narrows, and also decreases as 
the viscosity of the resin increases. 
[0157] From Stokes' law described above, it is possi- 
ble to reduce the sedimentation speed of the yellow 
phosphor 3 in the resin by using the following measures 
1 through 4. 
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1 . Using light phosphor particles having a small ab- 
solute specific gravity 

2. Using a resin having a large absolute specific 
gravity 

3. Using phosphor particles having a small particle 
size 

4. Using a resin having a large viscosity 

It should be noted that these measures 1 . through 4. are 
subjected to various constraints such as a constraint on 
fabrication processes, on cost or on emission perform- 
ance of the luminescent layer. 
[0158] In the inventive method for fabricating the lu- 
minescent layer, each of the absolute specific gravity of 
the yellow/yellowish phosphor particles 2 that are limited 
in main emission peak wavelength range and in element 
and the absolute specific gravity of the resin are limited 
within a given range. As a preferred embodiment, the 
particle size of the yellow/yellowish phosphor is further 
limited to a given range. As a more preferred embodi- 
ment, the kind and composition of the yellow/yellowish 
phosphor are limited. 

[0159] First, as the yellow/yellowish phosphor parti- 
cles 2, used is a phosphor containing no Cd (cadmium) 
and emitting light having a main emission peak wave- 
length in the range from 560 nm to 600 nm, both inclu- 
sive, preferably in the range greater than 560 nm and 
less than or equal to 600 nm, and more preferably in the 
range from 565 nm to 600 nm, both inclusive, under 
room temperature. Next, the absolute specific gravity of 
the yellow/yellowish phosphor particles 2 is limited with- 
i.n the range from 3.0 to 4.65, both inclusive, preferably 
within the range from 3.0 to 4.60, both inclusive, and 
more preferably within the range greater than or equal 
to 3.0 and less than 4.55. In addition, the absolute spe- 
cific gravity of the resin is limited within the range greater 
than or equal to 0.8 and less than or equal to the abso- 
lute specific gravity of the yellow/yellowish phosphor, 
preferably within the range greater than or equal to 1.0 
and less than or equal to the absolute specific gravity of 
the yellow/yellowish phosphor, and more preferably 
within the range greater than or equal to 1.5 and less 
than or equal to the absolute specific gravity of the yel- 
low/yellowish phosphor. 

[01 60] In this way, the difference in specific gravity be- 
tween the yellow/yellowish phosphor particles 2 and the 
resin narrows so that the sedimentation speed of the 
phosphor particles in the resin decreases, as indicated 
by Stokes' low in Equation (5), resulting in that the lumi- 
nescent layer with a structure in which the phosphor par- 
ticles are dispersed is easily formed. 
[0161] Especially, examples of yellow/yellowish phos- 
phors containing no Cd include a phosphor including, 
as a base material, a compound containing at least one 
element selected from the group consisting of Mg, Ca, 
Sr, Ba, Sc, Y, lanthanoid, Ti, Zr, Hf, V, Nb, Ta, Mo, W, 
Zn, B, Al, Ga, !n, Si, Ge, Sn and P and at least one el- 
ement selected from the group consisting of O, S, Se, 



F, CI and Br. These elements are relatively less noxious. 
[0162] The reason why the main peak wavelength of 
the yellow/yellowish phosphor particles 2 is limited with- 
in the range from 560 nm to 600 nm, both inclusive, is 
5 to obtain white light having a desired color tone. The 
reasons why the absolute specific gravity of the resin is 
limited within the above-mentioned ranges and why the 
phosphor containing no Cd is exclusively used have 
been already explained. 
10 [01 63] In the inventive method for fabricating the light- 
emitting layer of the light-emitting semiconductor de- 
vice, the yellow/yellowish phosphor particles 2 are not 
specifically limited in kind basically so long as the yel- 
low/yellowish phosphor particles 2 contain no Cd, ex- 
's hibits a main emission peak wavelength in the range 
from 560 nm to 600 nm, both inclusive, under room tem- 
perature and has an absolute specific gravity in the 
range from 3.0 to 4.65, both inclusive. The yellow/yel- 
lowish phosphor particles 2 may or may not be the sili- 
ca cate phosphor particles described above. 

[0164] On the other hand, none of the known light- 
emitting semiconductor devices uses, as phosphor par- 
ticles, such light yellow/yellowish phosphor particles 2 
which contain no noxious substance, emit yellow/yel- 
25 lowish light when excited by blue light, and have an ab- 
solute specific gravity in the ranges described in this em- 
bodiment, so that the formation of the luminescent layer 
for the known devices requires a yellow-light-emitting 
YAG-based phosphor having a large absolute specific 
30 gravity. The yellow-light-emitting YAG-based phosphor 
particles have an absolute specific gravity in the range 
greater than 4.65 and less than or equal to about 4.98. 
The spectrum of emission from the yellow-light-emitting 
YAG-based phosphor particles shifts to longer wave- 
as lengths, as the absolute specific gravity thereof increas- 
es. Therefore, it is difficult for the known light-emitting 
devices to obtain excellent characteristics which are ob- 
tained in the light-emitting device of this embodiment. 
[0165] In a preferred embodiment of the present in- 
40 vention, the particle size of the yellow/yellowish phos- 
phor particles 2 is limited within the range from 0.5 \m\ 
to 30 nm, both inclusive, preferably within the range 
from 1 ixm to 25 p,m, both inclusive, and more preferably 
within the range from 3 p.m to 20 p.m, both inclusive. The 
45 reason why the particle size of the yellow/yellowish 
phosphor particles 2 is limited in this preferred embod- 
iment has been already explained. 
[0166] In a further preferred embodiment, a silicate 
phosphor containing, as a main component, a com- 
50 pound expressed by Chemical Formula (1), i.e., a com- 
pound expressed by (Sr^^^^Ba^Ca^Eu^SiO^ is 
used as the yellow/yellowish phosphor particles 2. Al- 
though the absolute specific gravity of the silicate phos- 
phor varies to some extent depending on the composi- 
55 tion, the absolute specific gravity of the yellow/yellowish 
phosphor particles 2 is easily set within the range from 
3.0 to 4.65, both inclusive, thereby allowing a lumines- 
cent layer having a structure in which phosphor particles 



39 



EP 1 367 655 A1 



40 



are dispersed to be formed easily. The specific gravity 
of the silicate phosphor containing a compound ex- 
pressed by Chemical Formula (1) as a main component 
increases, as the substitution amount of Ba increases, 
while decreasing as the substitution amount of Ca in- 
creases. 

[0167] Now, the absolute specific gravities of phos- 
phors are supplementary described. True density meas- 
urements of phosphors by constant volume expansion 
with He gas replacement method using a Multivolume 
Pycnometer 1305 produced by Micromeritics Instru- 
ment Co. show that the absolute specific gravities of a 
YAG-based phosphor ((Y 07 Gd 028 Ce 0 02 ) 3 AI 5 O 12 : 
main emission peak wavelength of 565 nm), a silicate 
phosphor ((B 0 osSr 0 93 Eu 0 02 ) 2 SiO 4 : main emission 
peak wavelength of 575 nm) and a silicate phosphor 
containing a smaller amount of Si and having a compo- 
sition different from the former silicate phosphor ((Ba 0 24 
Sr 0 74 Eu 002 ) 2 SiO 4 : main emission peak wavelength of 
559 nm), are 4.98, 4.53 and 4.67, respectively (meas- 
urement accuracy : ±1%). As an example, with respect 
to the phosphor which emits light having a main emis- 
sion peak around 565 nm, it was proved that the abso- 
lute specific gravity of the silicate phosphor is smaller 
than that of the YAG-based phosphor by about 10 %. 
[01 68] FIG. 48 is a graph showing respective relation- 
ships between the absolute specific gravity and the main 
emission peak wavelength for a YAG-based phosphor 
and a silicate phosphor As shown in FIG. 48, it is im- 
possible or, if not impossible, difficult for a YAG-based 
phosphor to serve as a phosphor that emits yellow/yel- 
lowish light having a main emission peak in the wave- 
length range from 560 nmto 600 nm, both inclusive, es- 
pecially, in the wavelength range from 565 nm to 600 
nm, both inclusive, and having an absolute specific 
gravity of 4.65 or less. On the other hand, it is easy for 
a silicate phosphor containing a compound expressed 
by Chemical Formula (1), i.e., (Sr 1 . a1 . b1 . ]C Ba a1 Ca b1 
Eu x ) 2 Si0 4 , to serve as a phosphor that emits yellow/yel- 
lowish light having a main emission peak in the wave- 
length range from 560 nm to 600 nm, both inclusive, es- 
pecially, in the wavelength range from 565 nm to 600 
nm, both inclusive, and having an absolute specific 
gravity of 4.65 or less. 

[0169] Now, the viscosities of a resin and a phosphor 
paste are described. The inventive method for fabricat- 
ing a luminescent layer of a light-emitting semiconductor 
device is not limited to fabrication methods which will be 
described later. However, if the viscosities of a resin and 
a phosphor paste are too low, phosphor particles sedi- 
ment by gravity so that a structure in which the phosphor 
particles disperse in the resin cannot be achieved, as 
described above. On the other hand, if the viscosity of 
the resin is too high, there occurs a disadvantage that 
handling the light-emitting semiconductor device is 
cumbersome in a fabrication process. In view of these 
aspects, each of the viscosities of the resin and phos- 
phor is in the range from 0.01 Pa-s to 10 Pa-s, both in- 



clusive, preferably in the range from 0.03 Pa-s to 3 Pa-s, 
both inclusive, and more preferably in the range from 
0.1 Pa-s to 1 Pa-s, both inclusive. However, the viscosity 
of a liquid fluid such as a resin or a phosphor paste var- 
5 ies depending on temperature and pressure, i.e., de- 
creases as the temperature increases while increasing 
as the pressure increases. Therefore, it is difficult to de- 
fine the viscosity simply. The viscosity of the resin or the 
phosphor paste may be adjusted within the ranges de- 

10 scribed above by adjusting conditions including pres- 
sure and temperature during the fabrication. 
[0170] In the inventive method for forming the lumi- 
nescent layer of the light-emitting semiconductor de- 
vice, the phosphor paste may be formed by curing with 

15 ultra-fine particles whose primary particles have an av- 
erage particle size in the range from 1 nm to 100 nm, 
both inclusive, preferably in the range from 3 nm to 50 
nm, both inclusive, included in the phosphor paste. 
[0171] As expressed by Equation (5), the sedimenta- 

20 tion speed of ultra-fine particles with an extremely small 
particle radius is extremely low in a phosphor paste. Ac- 
cordingly, if such ultra-fine particles are included in the 
phosphor paste, the ultra-fine particles, which sediment 
extremely slowly, act in such a manner as preventing 

25 sedimentation of the yellow/yellowish phosphor parti- 
cles 2. As a result, by adding the ultra-fine particles to 
the phosphor paste, the sedimentation speed of the yel- 
low/yellowish phosphor particles 2 in the phosphor 
paste decreases, so that the luminescent layer 3 having 

30 a structure in which the phosphor particles are dis- 
persed in the resin is easily obtained. 
[0172] Examples of such ultra-fine particles include a 
silicon dioxide powder known by the name of Aerosil 
(Degussa Co., Ltd.: Germany). Materials for ultra-fine 

35 particles which may be added to the phosphor paste is 
not limited to silicon dioxide and may be an ultra-fine 
particle material whose primary particles have an aver- 
age particle size in the range from 1 nm to 1 00 nm, both 
inclusive. Instead of silicon dioxide, aluminum oxide, for 

40 example, may be used as the ultra-fine particle material. 
[0173] Ultra-fine particles having a particle size of 
about 5 nm or less cannot be measured with the laser 
diffraction particle size analyzer as mentioned above. 
Therefore, the particle sizes (diameters) of ultra-fine 

^5 particles are actually measured based on the object ob- 
served by an electron microscope observation, thereby 
defining an average value of the particle sizes as the 
average size of the primary particles. 
[0174] As described above, with the method for form- 

50 ing the luminescent layer of the light-emitting semicon- 
ductor device, the luminescent Iayer3 having a structure 
in which phosphor particles are dispersed is formed. 
The light-emitting semiconductor device including the 
luminescent layer having the structure in which phos- 

55 phor particles are dispersed achieves remarkable ef- 
fects with the following actions. 
[0175] Specifically, such a luminescent layer contains 
substantially neither light absorption factor nor light 
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scattering factor. Therefore, as compared to the known 
luminescent layer in which phosphor particles are in 
contact with each other, for example, phosphor particles 
are less likely to be in contact with each other, or even 
if these particles are in contact with each other, the con- 
tact area is largely reduced, so that the luminescent lay- 
er has substantially no light absorption and attenuation 
factor. Accordingly, the luminescent layer exhibits im- 
proved light transmissivity, thus allowing blue light emit- 
ted by a blue LED to pass through the luminescent layer 
without being absorbed and attenuated or to contribute 
to excitation of the phosphor. In addition, since the lu- 
minescent layer is in the state that the entire surface of 
the phosphor particles can be irradiated with the blue 
light, the cross-sectional area of the phosphor particles 
to be excited increases substantially, so that the phos- 
phor particles in the luminescent layer emit light effec- 
tively. Part of the blue light which is applied to the phos- 
phor particles but does not contribute to the excitation 
of the phosphor is reflected off the surfaces of the phos- 
phor particles and then emitted as blue light to the out- 
side of the luminescent layer. Since blue LEDs of the 
same type emit blue light with the same output, in a 
white-light-emitting semiconductor device that obtains 
white light by adding the colors of blue light emitted by 
a blue LED and yellow light emitted by a yellow phos- 
phor together, the luminescent layer having fewer light 
absorption and attenuation factors and using a phos- 
phor having a high internal quantum efficiency can ex- 
hibit a high luminous flux, even if the luminescent layer 
is made of a phosphor material having a low luminous 
efficacy (external quantum efficiency) in response to ex- 
citation by the blue light. 

[0176] If the luminescent layer of the light-emitting 
semiconductor device of this embodiment and the 
known luminescent layer have the same surface area 
(e.g., the area of the uppermost surface of the lumines- 
cent layer 3 in the light-emitting semiconductor device 
shown in FIGS. 1 through 3), the substantial thickness 
of the luminescent layer having a structure in which 
phosphor particles are dispersed in a resin as in this em- 
bodiment (see the luminescent layer 3 shown in FIG. 2, 
for example) increases, as compared to the known lu- 
minescent layer in which many phosphor particles are 
in contact with each other (see the luminescent layer 3 
in FIG. 7). Accordingly, in the light-emitting semiconduc- 
tor device of this embodiment, even if the surface une- 
venness of the luminescent layer 3 enlarges to some 
extent, variation in thickness of the luminescent layer 3 
is less affected by the surface unevenness of the lumi- 
nescent layer 3, resulting in reducing variation in emis- 
sion caused by thickness variation in the luminescent 
layer 3. 

EMBODIMENT 2 

[0177] Now, an embodiment of a light-emitting system 
according to the present invention is described with ref- 



erence to the drawings. 

[0178] Various kinds of displaying systems using 
light-emitting semiconductor devices (e.g., LED infor- 
mation display terminals, LED traffic lights, LED stop- 

5 lights of vehicles and LED directional lights) and various 
kinds of lighting systems (e.g., LED interior/exterior 
lights, courtesy LED lights, LED emergency lights, and 
LED surface emitting sources) are herein defined broad- 
ly as light-emitting systems. 

10 [0179] FIGS. 4 through 6 are perspective views re- 
spectively showing examples of a light-emitting system 
according to a second embodiment of the present in- 
vention. FIG. 4 is a perspective view schematically 
showing a configuration of a desk-lamp-type lighting 

15 system as a first exemplary light-emitting system of the 
present invention. 

[0180] As shown in FIG. 4, the first exemplary light- 
emitting system includes: a lighting unit in which a large 
number of light-emitting semiconductor devices 11 ac- 

20 cording to the present invention as described in the first 
embodiment are arranged; and a switch 12 for lighting 
the light-emitting semiconductor devices 11. When the 
switch 12 is turned on, the light-emitting semiconductor 
devices 11 are energized to emit light (not shown). 

25 [0181] The lighting system shown in FIG. 4 is merely 
a p referred example of the I ight-emittin g system , and the 
inventive light-emitting system is not limited to this ex- 
ample. The inventive light-emitting system is preferably 
configured using the inventive light-emitting semicon- 

30 ductor devices 1 1 as disclosed in the first embodiment, 
for example. Alternatively, the inventive light-emitting 
system may be configured by combining the white-light- 
emitting semiconductor device of the first embodiment 
with an LED which emits light such as blue, green, yel- 

35 low or red light The color of light emitted by the light- 
emitting semiconductor devices 11, the size and the 
number of the devices 1 1 , and the shape of a light-emit- 
ting portion, for example, are not specifically limited. In 
addition, the lighting system may be of the laser-emitting 

40 semiconductor type that converges light from the light- 
emitting semiconductor devices to emit laser light. In this 
way, the lighting system is not only excellent in field of 
view as a lighting system but also capable of improving 
the intensity of light emitted therefrom. 

45 [0182] In the first exemplary lighting system, the color 
temperature is preferably in the range from 2000 K to 
12000 K, both inclusive, more preferably in the range 
from 3000 K to 10000 K, both inclusive, and still more 
preferably in the range from 3500 K to 8000 K, both in- 

50 elusive. However, the lighting system as the inventive 
light-emitting system is not limited to these color tem- 
perature ranges. 

[0183] FIG. 5 is a perspective view schematically 
showing a configuration of an image displaying system 
55 as a second exemplary light-emitting system according 
to the present invention. 

[0184] As shown in FIG. 5, the second exemplary im- 
age displaying system includes a display unit in which 
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a large number of inventive light-emitting semiconductor 
devices 1 1 as described in the first embodiment are ar- 
ranged in matrix. The image displaying system may be 
freely fabricated in total size and preferably has a width 
between 1 cm and 10 m, both inclusive, a height be- 
tween 1 cm and 10 m, both inclusive, and a depth be- 
tween 5 mm and 5 m, both inclusive. The number of the 
light-emitting semiconductor devices 11 may be select- 
ed according to the size of the image displaying system. 
[0185] As is the first exemplary lighting system, the 
image displaying system as an example of the light- 
emitting system is preferably configured using the light- 
emitting semiconductor devices 1 1 described in the first 
embodiment. Instead of the inventive light-emitting sem- 
iconductor devices, a device utilizing an LED which 
emits light such as blue, green, yellow or red light and 
a luminescent layer in combination may be used, for ex- 
ample. The color of light emitted by the light-emitting 
semiconductor devices 11 , the size and the number of 
the devices 11, the shape of a light-emitting portion 
thereof, and the arrangement of the light-emitting sem- 
iconductor devices 11 are not specifically limited. In ad- 
dition, external shape thereof is not specifically limited. 
[0186] FIG. 6 is a perspective view schematically 
showing a configuration of a pattern displaying system 
as a third exemplary light-emitting system according to 
the present invention. 

[01 87] As shown in FIG. 6, the third exemplary pattern 
displaying system includes a display unit in which the 
inventive light-emitting semiconductordevices 1 1 as de- 
scribed in the first embodiment are arranged such that 
arbitrary numerals of 0 to 9 can be displayed according 
to emission or non-emission of each pixel. 
[01 88] The pattern displayed by the pattern displaying 
system is not limited to the numeral shown in FIG. 6 and 
may be any pattern representing kanji characters, ka- 
takana characters, alphabet characters and Greek char- 
acters. Even if the pattern displaying system displays 
numerals, the size and the number of the light-emitting 
semiconductor devices 11 and the configuration of pix- 
els are not specifically limited to the configuration shown 
in FIG. 6. 

[0189] As is the first exemplary lighting system, the 
pattern displaying system as an example of the light- 
emitting system is preferably configured using the light- 
emitting semiconductor devices 1 1 described in the first 
embodiment. Instead of the inventive light-emitting sem- 
iconductor devices, a device utilizing an LED which 
emits light such as blue, green, yellow or red light and 
a luminescent layer in combination may be used. The 
color of light emitted by the light-emitting semiconductor 
devices 1 1 , the size and the number of the devices 1 1 , 
the shape of a light-emitting portion thereof, and the ar- 
rangement of the light-emitting semiconductor devices 
11 are not specifically limited. In addition, the external 
shape thereof is not specifically limited. 
[0190] The light-emitting systems as shown in FIGS. 
4 through 6 has an advantage that the configuration with 
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a plurality of light-emitting semiconductor devices 11 us- 
ing LED chips of only one type allows the light-emitting 
semiconductor devices to operate at the same driving 
voltage with the same injected current. In this case, the 
5 light-emitting system has an advantage that the charac- 
teristics of the respective light-emitting devices also 
change substantially in the same manner due to exog- 
enous factors such as ambient temperature, so that the 
luminous intensity or color tone of the light-emitting de- 
vices less varies with variation in voltage or tempera- 
ture. The systems also have an advantage that the cir- 
cuit configuration thereof can be made simple. 
[0191] If light-emitting semiconductor devices having 
substantially flat pixel surfaces are used for configura- 
tion of a light-emitting system, it is possible to obtain a 
light-emitting system whose entire light-emitting surface 
is substantially flat, e.g., a displaying system having a 
flat display surface or a surface-emitting lighting system, 
thus providing an image displaying system exhibiting 
excellent image quality or a well-designed lighting sys- 
tem. 

[0192] In the case where the inventive light-emitting 
system is a lighting system or a displaying system, for 
example, the use of a light-emitting semiconductor de- 
vice having a structure as described in the first embod- 
iment suppresses color unevenness in the light-emitting 
system. The light-emitting semiconductor device of the 
first embodiment exhibits small color unevenness, re- 
sulting in a high production yield and a low production 
cost. That is to say, if the light-emitting system is con- 
figured using the light-emitting semiconductor device of 
the first embodiment, color unevenness as the light- 
emitting system is reduced and, in addition, the light- 
emitting system is fabricated at a low cost. Moreover, 
since the light-emitting semiconductor device of the first 
embodiment exhibits a luminous flux higher than that of 
a known light-emitting semiconductor device using a 
YAG-based phosphor, the luminous flux of the entire 
light-emitting system improves. 
[01 93] In this description , various kinds of display sys- 
tems using light-emitting semiconductor devices (e.g., 
LED information display terminals, LED traffic lights, 
LED stoplights of vehicles, and LED directional lights) 
and various kinds of lighting systems (e.g., LED interior/ 
exterior lights, courtesy LED lights, LED emergency 
lights, and LED surface emitting sources) are broadly 
defined as light-emitting systems. 

— Embodiment relating to method for fabricating light- 
emitting semiconductor device — 

(Method for fabricating silicate phosphor) 

[01 94] A method for fabricating a silicate phosphor for 
use in the inventive light-emitting semiconductor device 
is not limited to a fabrication method that will be de- 
scribed below. The silicate phosphor is fabricated by, for 
example, the following method. 
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[01 95] The silicate phosphor can be obtained through 
the following processes, for example, 
a first process: weighing and blending of phosphor ma- 
terials 

a second process: mixing of the phosphor materials 
a third process: firing of the mixed phosphor materials 
a fourth process: subsequent process of the fired mate- 
rial (including pulverizing, classification, cleaning and 
drying). 

Hereinafter, the respective processes will be described 
in further detail. 

(First process: weighing and blending of phosphor 
materials) 

[0196] First, phosphor materials are weighed and 
blended. As the phosphor materials, various kinds of 
powders such as alkaline-earth metal compounds, sili- 
con compounds and europium compounds may be 
used. Examples of the alkaline-earth metal compounds 
include alkaline-earth metal carbonates (strontium car- 
bonate, barium carbonate and calcium carbonate), ni- 
trates (strontium nitrate, barium nitrate and calcium ni- 
trate), hydroxides (strontium hydroxide, barium hydrox- 
ide and calcium hydroxide), oxides (strontium oxide, 
barium oxide and calcium oxide), nitrates (strontium ni- 
trate, barium nitrate and calcium nitrate), oxalates 
(strontium oxalate, barium oxalate and calcium oxalate). 
Halides (e.g., strontium chloride, barium chloride, calci- 
um chloride, strontium fluoride, barium fluoride, calcium 
fluoride, strontium bromide, barium bromide and calci- 
um bromide) may also be used. Examples of the silicon 
compounds include oxide such as silicon dioxide and 
silicon oxide. However, nonoxidesuch as silicon nitride 
may also be used under some conditions. To enhance 
the reactivity between the phosphor materials, silicon di- 
oxide of an ultra-fine power such as an ultra-fine-pow- 
dery silica known by the name of "Aerosil" produced by 
DegussaCo., Ltd. (Germany) is preferably used. Exam- 
ples of the europium compounds include europium ox- 
ide, europium fluoride and europium chloride. As a ger- 
manium materiaf for the Ge-containing phosphor men- 
tioned above, germanium compound such as germani- 
um oxide may be used. 

[0197] In the first process, these alkaline-earth metal 
compound, silicon compound and europium compound 
are weighed and blended such that the phosphor has a 
desired composition of elements such as alkaline-earth 
metal, silicon and europium. 

[0198] To enhance the reactivity between the phos- 
phor materials, a phosphor material or a temporary or 
primary fired phosphor material mixed with a flux may 
be used. As the flux, various kinds of halides and boron 
compounds may be used. Examples of the halides in- 
clude strontium fluoride, barium fluoride, calcium fluo- 
ride, europium fluoride, ammonium fluoride, lithium flu- 
oride, sodium fluoride, potassium fluoride, strontium 
chloride, barium chloride, calcium chloride, europium 



chloride, ammonium chloride, lithium chloride, sodium 
chloride and potassium chloride. Examples of the boron 
compounds include boric acid, boric oxide, strontium 
borate, barium borate and calcium borate. In the com- 
5 pound used as the flux, the number of moles is between 
0.0001 and 1, both inclusive, and normally between 
0.001 and 0.3, both inclusive, with respect to one mole 
of the phosphor. 

10 (Second process: mixing of phosphor materials) 

[0199] Next, the phosphor materials that have been 
weighed and blended to have specified mole fractions 
or weight percentages in the first process are mixed, 

15 thereby obtaining a phosphor material mixture. Various 
techniques may be used to mix the phosphor materials. 
Examples of mixing include mixing using a mortar, mix- 
ing using a ball mill, mixing using a V-shaped mixer, mix- 
ing using a cross rotary mixer, mixing using a jet mill and 

20 mixing using an agitator, all of which are well-known 
techniques. Dry mixingformixing only thephosphor ma- 
terials without using any solvent or wet mixing for adding 
the phosphor materials to a solvent such as water or an 
organic solvent so that the phosphor materials are 

25 spread and mixed in the solvent may be used as a meth- 
od for the mixing. Ethanol or methanol may be used as 
the organic solvent. In the case of the dry mixing, the 
suspension made of the phosphor materials and the sol- 
vent is generally filtered using, for example, a Buchner 

30 filter, to obtain a phosphor material mixture, and then 
the filtered phosphor material mixture is dried at a tem- 
perature of about 60 to 200 °C for several to dozens of 
hours with, for example, a dryer, thereby obtaining a 
phosphor material mixture. 

35 

(Third process: firing of phosphor material mixture) 

[0200] Then, the phosphor material mixture is fired by 
the following procedure. A heater such as an electric fur- 

40 nace or a gas furnace is used for the firing. The heater 
is not specifically limited in type and may be of any type 
so long as the phosphor material mixture can be fired at 
a desired temperature in a desired atmosphere for a de- 
sired period of time. Examples of the electric furnaces 

45 as the heater include a tubular atmospheric furnace, a 
box-type controlled atmospheric furnace, a conveyor 
belt furnace, a roller-hearth furnace and a tray pusher 
continuous furnace. In general, the phosphor material 
mixture is put in a firing vessel such as a crucible or a 

50 boat with a lid put on the firing vessel in some cases, 
and then the phosphor material mixture is heated to- 
gether with the firing vessel. Alternatively, only thephos- 
phor material mixture may be fired. The firing vessel 
may be made of platinum, quartz, alumina, zirconia, 

55 magnesia, silicon carbide, silicon nitride, ceramic or car- 
bon, or the firing vessel may be made by mixing these 
materials if necessary. 

[0201] The silicate phosphor can be fabricated so 
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a large number of inventive light-emitting semiconductor 
devices 1 1 as described in the first embodiment are ar- 
ranged in matrix. The image displaying system may be 
freely fabricated in total size and preferably has a width 
between 1 cm and 10 m, both inclusive, a height be- 
tween 1 cm and 10 m, both inclusive, and a depth be- 
tween 5 mm and 5 m, both inclusive. The number of the 
light-emitting semiconductor devices 11 may be select- 
ed according to the size of the image displaying system. 
[0185] As is the first exemplary lighting system, the 
image displaying system as an example of the light- 
emitting system is preferably configured using the light- 
emitting semiconductor devices 11 described in the first 
embodiment. Instead of the inventive light-emitting sem- 
iconductor devices, a device utilizing an LED which 
emits light such as blue, green, yellow or red light and 
a luminescent layer in combination may be used, for ex- 
ample. The color of light emitted by the light- emitting 
semiconductor devices 11 , the size and the number of 
the devices 11, the shape of a light-emitting portion 
thereof, and the arrangement of the light-emitting sem- 
iconductor devices 11 are not specifically limited. In ad- 
dition, external shape thereof is not specifically limited. 
[0186] FIG. 6 is a perspective view schematically 
showing a configuration of a pattern displaying system 
as a third exemplary light-emitting system according to 
the present invention. 

[0187] As shown in FIG. 6, the third exemplary pattern 
displaying system includes a display unit in which the 
inventive light-emitting semiconductor devices 1 1 as de- 
scribed in the first embodiment are arranged such that 
arbitrary numerals of 0 to 9 can be displayed according 
to emission or non-emission of each pixel. 
[01 88] The pattern displayed by the pattern displaying 
system is not limited to the numeral shown in FIG. 6 and 
may be any pattern representing kanji characters, ka- 
takana characters, alphabet characters and Greek char- 
acters. Even if the pattern displaying system displays 
numerals, the size and the number of the light-emitting 
semiconductor devices 11 and the configuration of pix- 
els are not specifically limited to the configuration shown 
in FIG. 6. 

[0189] As is the first exemplary lighting system, the 
pattern displaying system as an example of the light- 
emitting system is preferably configured using the light- 
emitting semiconductor devices 11 described in the first 
embodiment. Instead of the inventive light-emitting sem- 
iconductor devices, a device utilizing an LED which 
emits light such as blue, green, yellow or red light and 
a luminescent layer in combination may be used. The 
color of light emitted by the light-emitting semiconductor 
devices 11 , the size and the number of the devices 1 1 , 
the shape of a light-emitting portion thereof, and the ar- 
rangement of the light-emitting semiconductor devices 
11 are not specifically limited. In addition, the external 
shape thereof is not specifically limited. 
[0190] The light-emitting systems as shown in FIGS. 
4 through 6 has an advantage that the configuration with 



a plurality of light-emitting semiconductor devices 11 us- 
ing LED chips of only one type allows the light-emitting 
semiconductor devices to operate at the same driving 
voltage with the same injected current. In this case, the 

5 light-emitting system has an advantage that the charac- 
teristics of the respective light-emitting devices also 
change substantially in the same manner due to exog- 
enous factors such as ambient temperature, so that the 
luminous intensity or color tone of the light-emitting de- 

10 vices less varies with variation in voltage or tempera- 
ture. The systems also have an advantage that the cir- 
cuit configuration thereof can be made simple. 
[0191] If light-emitting semiconductor devices having 
substantially flat pixel surfaces are used forconfigura- 

13 tion of a light-emitting system, it is possible to obtain a 
light-emitting system whose entire light-emitting surface 
is substantially flat, e.g., a displaying system having a 
flat display surface or a surface-emitting lighting system, 
thus providing an image displaying system exhibiting 

20 excellent image quality or a well-designed lighting sys- 
tem. 

[0192] In the case where the inventive light-emitting 
system is a lighting system or a displaying system, for 
example, the use of a light-emitting semiconductor de- 

25 vice having a structure as described in the first embod- 
iment suppresses color unevenness in the light-emitting 
system. The light-emitting semiconductor device of the 
first embodiment exhibits small color unevenness, re- 
sulting in a high production yield and a low production 

30 cost. That is to say, if the light-emitting system is con- 
figured using the light-emitting semiconductor device of 
the first embodiment, color unevenness as the light- 
emitting system is reduced and, in addition, the light- 
emitting system is fabricated at a low cost. Moreover, 

35 since the light-emitting semiconductor device of the first 
embodiment exhibits a luminous flux higher than that of 
a known light-emitting semiconductor device using a 
YAG-based phosphor, the luminous flux of the entire 
light-emitting system improves. 

40 [01 93] In this description, various kinds of display sys- 
tems using light-emitting semiconductor devices (e.g., 
LED information display terminals, LED traffic lights, 
LED stoplights of vehicles, and LED directional lights) 
and various kinds of lighting systems (e.g., LED interior/ 

45 exterior lights, courtesy LED lights, LED emergency 
lights, and LED surface emitting sources) are broadly 
defined as light-emitting systems. 

—Embodiment relating to method for fabricating light- 
50 emitting semiconductor device — 

(Method for fabricating silicate phosphor) 

[01 94] A method for fabricating a silicate phosphor for 
55 use in the inventive light-emitting semiconductor device 
is not limited to a fabrication method that will be de- 
scribed below. The silicate phosphor is fabricated by, for 
example, the following method. 
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[01 95] The silicate phosphor can be obtained through 
the following processes, for example, 
a first process: weighing and blending of phosphor ma- 
terials 

a second process: mixing of the phosphor materials 
a third process: firing of the mixed phosphor materials 
a fourth process: subsequent process of the fired mate- 
rial (including pulverizing, classification, cleaning and 
drying). 

Hereinafter, the respective processes will be described 
in further detail. 

(First process: weighing and blending of phosphor 
materials) 

[0196] First, phosphor materials are weighed and 
blended. As the phosphor materials, various kinds of 
powders such as alkaline-earth metal compounds, sili- 
con compounds and europium compounds may be 
used. Examples of the alkaline-earth metal compounds 
include alkaline-earth metal carbonates (strontium car- 
bonate, barium carbonate and calcium carbonate), ni- 
trates (strontium nitrate, barium nitrate and calcium ni- 
trate), hydroxides (strontium hydroxide, barium hydrox- 
ide and calcium hydroxide), oxides (strontium oxide, 
barium oxide and calcium oxide), nitrates (strontium ni- 
trate, barium nitrate and calcium nitrate), oxalates 
(strontium oxalate, barium oxalate and calcium oxalate). 
Halides (e.g., strontium chloride, barium chloride, calci- 
um chloride, strontium fluoride, barium fluoride, calcium 
fluoride, strontium bromide, barium bromide and calci- 
um bromide) may also be used. Examples of the silicon 
compounds include oxide such as silicon dioxide and 
silicon oxide. However, nonoxidesuch as silicon nitride 
may also be used under some conditions. To enhance 
the reactivity between the phosphor materials, silicon di- 
oxide of an ultra-fine power such as an ultra-fine-pow- 
dery silica known by the name of "Aerosil" produced by 
Degussa Co., Ltd. (Germany) is preferably used. Exam- 
ples of the europium compounds include europium ox- 
ide, europium fluoride and europium chloride. As a ger- 
manium material for the Ge-containing phosphor men- 
tioned above, germanium compound such as germani- 
um oxide may be used. 

[0197] In the first process, these alkaline-earth metal 
compound, silicon compound and europium compound 
are weighed and blended such that the phosphor has a 
desired composition of elements such as alkaline-earth 
metal, silicon and europium. 

[0198] To enhance the reactivity between the phos- 
phor materials, a phosphor material or a temporary or 
primary fired phosphor material mixed with a flux may 
be used. As the flux, various kinds of halides and boron 
compounds may be used. Examples of the halides in- 
clude strontium fluoride, barium fluoride, calcium fluo- 
ride, europium fluoride, ammonium fluoride, lithium flu- 
oride, sodium fluoride, potassium fluoride, strontium 
chloride, barium chloride, calcium chloride, europium 



chloride, ammonium chloride, lithium chloride, sodium 
chloride and potassium chloride. Examples of the boron 
compounds include boric acid, boric oxide, strontium 
borate, barium borate and calcium borate. In the com- 
5 pound used as the flux, the number of moles is between 
0.0001 and 1, both inclusive, and normally between 
0.001 and 0.3, both inclusive, with respect to one mole 
of the phosphor. 

10 (Second process: mixing of phosphor materials) 

[0199] Next, the phosphor materials that have been 
weighed and blended to have specified mole fractions 
or weight percentages in the first process are mixed, 
15 thereby obtaining a phosphor material mixture. Various 
techniques may be used to mix the phosphor materials. 
Examples of mixing include mixing using a mortar, mix- 
ing using a ball mill, mixing using a V-shaped mixer, mix- 
ing using a cross rotary mixer, mixing using a jet mill and 
20 mixing using an agitator, all of which are well-known 
techniques. Dry mixing for mixing only the phosphor ma- 
terials without using any solvent or wet mixing for adding 
the phosphor materials to a solvent such as water or an 
organic solvent so that the phosphor materials are 
25 spread and mixed in the solvent may be used as a meth- 
od for the mixing. Ethanol or methanol may be used as 
the organic solvent. In the case of the dry mixing, the 
suspension made of the phosphor materials and the sol- 
vent is generally filtered using, for example, a Buchner 
30 filter, to obtain a phosphor material mixture, and then 
the filtered phosphor material mixture is dried at a tem- 
perature of about 60 to 200 °C for several to dozens of 
hours with, for example, a dryer, thereby obtaining a 
phosphor material mixture. 

35 

(Third process: firing of phosphor material mixture) 

[0200] Then, the phosphor material mixture is fired by 
the following procedure, A heater such as an electric fur- 

40 nace or a gas furnace is used for the firing. The heater 
is not specifically limited in type and may be of any type 
so long as the phosphor material mixture can be fired at 
a desired temperature in a desired atmosphere for a de- 
sired period of time. Examples of the electric furnaces 

45 as the heater include a tubular atmospheric furnace, a 
box-type controlled atmospheric furnace, a conveyor 
belt furnace, a roller-hearth furnace and a tray pusher 
continuous furnace. In general, the phosphor material 
mixture is put in a firing vessel such as a crucible or a 

so boat with a lid put on the firing vessel in some cases, 
and then the phosphor material mixture is heated to- 
gether with the firing vessel. Alternatively, only the phos- 
phor material mixture may be fired. The firing vessel 
may be made of platinum, quartz, alumina, zirconia, 

55 magnesia, silicon carbide, silicon nitride, ceramic or car- 
bon, or the firing vessel may be made by mixing these 
materials if necessary. 

[0201] The silicate phosphor can be fabricated so 
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long as the firing temperature is in the range from 800 
°C to 1600 °C, both inclusive. If the firing temperature 
is higher than the temperature range, phosphor particles 
are fired or dissolved, so that it is difficult to obtain a 
powdery silicate phosphor. On the other hand, if the fir- 
ing temperature is lower than the temperature range, it 
is difficult to obtain intensive emission of light from the 
phosphor. To obtain a powdery silicate phosphor exhib- 
iting a higher luminous efficacy, the firing temperature 
is preferably in the range from 1 000 °C to 1 500 °C, both 
inclusive, more preferably in the range from 1100 °C to 
1450 °C, both inclusive, and still more preferably in the 
range from 1200 °C to 1400 °C, both inclusive. 
[0202] It is sufficient for the firing time to be in the 
range from 10 minutes to 1000 hours, both inclusive. 
However, to increase the efficiency in fabrication or to 
enhance the quality of the phosphor, for example, the 
firing time is preferably in the range from 30 minutes to 
500 hours, both inclusive, and more preferably in the 
range from 1 hour to 100 hours, both inclusive. It is not 
specifically limited how many times the firing process is 
performed. However, to enhance the efficiency in fabri- 
cating the phosphor, the firing process is preferably per- 
formed less frequently and is most preferably performed 
only once. 

[0203] The firing atmosphere may be freely selected 
from among air, a low-pressure atmosphere, a vacuum 
atmosphere, an inert-gas atmosphere, a nitrogen at- 
mosphere, an oxygen atmosphere, an oxidizing atmos- 
phere and a reducing atmosphere. However, since Eu 2+ 
ions need to be formed as a luminescent center in the 
phosphor, it is necessary to perform firing in an atmos- 
phere in which at least Eu 2+ ions can be formed in the 
phosphor at the final stage or near final stages of firing. 
As this atmosphere, a reducing atmosphere using a 
mixed gas of nitrogen and hydrogen or using carbon 
monoxide, especially an ambient using a mixed gas of 
nitrogen and hydrogen, is preferably used for the pur- 
poses of simplifying the apparatus, reducing the cost 
thereof, and easily handling gases or materials for the 
atmosphere. In the case of the atmosphere using a 
mixed gas of nitrogen and hydrogen, the hydrogen con- 
centration is preferably in the range from 0. 1 % to 1 0 %, 
both inclusive, and more preferably in the range from 
1% to 5%, both inclusive, in terms of securing minimum 
reduction power and safety of gas. To enhance the re- 
activity between the mixed phosphor materials, it is pref- 
erable that the materials are temporary fired in the air, 
for example, at a temperature between 400 °C and 1 400 
°C in advance. 

(Fourth process: subsequent process of the fired 
substance) 

[0204] Lastly, the fired substance (phosphor) ob- 
tained by the firing process is subjected to a subsequent 
process, thereby obtaining a silicate phosphor. The sub- 
sequent process mainly includes a pulverizing step 



(which means a step of reducing the substance into a 
powder) , a classifying step, a cleaning step and a drying 
step. 

[0205] In the pulverizing step, the as-fired phosphor 

5 obtained by the firing (agglomeration of particles) is re- 
duced into particles. To pulverize the fired substance, 
various techniques may be used. Examples of these 
techniques include pulverizing with a mortar, pulverizing 
with a ball mill, pulverizing utilizing a V-shaped mixer, 

10 pulverizing utilizing a cross rotary mixer, pulverizing with 
a jet mill and pulverizing with a crusher, a motor grinder, 
a vibrating cup mill, a disk mill, a rotor speed mill, a cut- 
ting mill and a hammer mill. As a method for pulverizing, 
dry pulverizing for pulverizing the fired substance with- 

15 out using any solvent or wet pulverizing for adding the 
fired substance to a solvent such as water or an organic 
solvent to pulverize the fired substance within the sol- 
vent may be used. As the organic solvent, ethanol or 
methanol may be used. 

20 [0206] In the classifying step, the aggregation of 
phosphor particles obtained through the pulverizing is 
changed into an aggregation of particles having a given 
particle-size distribution. As the classification, various 
techniques maybe used. Examples of these techniques 

25 include classification with a screen and classification uti- 
lizing sedimentation of phosphor particles in a solvent 
such as water or alcohol. In the classification with a 
screen, the use of a screen of about 50 to 1000 mesh 
can achieve a silicate phosphor having a particle size 

30 within the range (described in the first embodiment) suit- 
able to application to a light-emitting semiconductor de- 
vice. As a method for classification, dry classification us- 
ing neither solvent nor wet classification for adding the 
pulverized substance to a solvent such as water or an 

35 organic solvent to classify the pulverized substance to- 
gether with the solvent may be used. Two or more of 
these classifying techniques are used in some cases for 
the purpose of obtaining a sharp particle distribution. 
[0207] In the cleaning step, a residual flux component 

40 contained in the fired substance after the firing and fine 
particles mixed in the product during the pulverizing or 
classification step are mainly removed. Various tech- 
niques may also be used as the cleaning step. Exam- 
ples of these techniques include cleaning with acid, 

45 cleaning with alkali, cleaning with water such as distilled 
water or pure water, and cleaning with an organic sol- 
vent such as ethanol or methanol. The phosphor parti- 
cles after the pulverizing or classification are cleaned by 
using a solvent appropriately selected according to the 

50 type or composition of the phosphor materials. The wet 
pulverizing step or the wet classifying step may be used 
such that the step also serves as the cleaning step. The 
cleaning step may be omitted depending on the type of 
the phosphor to be produced. 

55 [0208] In the drying step, the aggregation of phosphor 
particles obtained through the pulverizing, classifying 
and cleaning steps is heated and a large or small 
amount of a solvent such as water or an organic solvent 
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contained in the aggregation is evaporated and dried, 
thereby obtaining an aggregation of phosphor particles 
which is a final product or close to a final product. Vari- 
ous kinds of techniques may be used as the drying step. 
Examples of these techniques include drying with a ther- 
mostatic dryer or a vacuum dryer. If the thermostatic dry- 
er is used, drying is performed at about 60 to 300 °C for 
about 30 minutes to 1 00 hours. The drying step as well 
as the cleaning step may be omitted for some types of 
a phosphor to be produced. 

[0209] The pulverizing, classifying, cleaning and dry- 
ing steps may be flexibly combined in any sequence and 
the number of times for performing each of the steps 
may also be determined flexibly according to the type 
and purpose of the phosphor. 

— Concrete example of method for producing silicate 
phosphor— 

[0210] Hereinafter, a concrete example of a method 
for producing a silicate phosphor and effects of a flux 
will be described with reference to experimental data. 
[0211] FIG. 11 is a graph showing a luminous intensity 
(main emission peak intensity) of a silicate phosphor af- 
ter primary firing and a luminous intensity (main emis- 
sion peak intensity) of a silicate phosphor after second- 
ary firing, as functions of a primary firing temperature. 
The luminous intensity after the primary firing shown in 
FIG. 11 is data on a primary fired substance obtained 
by firing phosphor materials, which have been blended 
to have the phosphor composition of (Sr 093 Ba 005 
Eu 0 02 ) 2 SiO 4 , at a temperature between room tempera- 
ture and 1400 °C for two hours in a reducing ambient 
(containing a mixed gas of nitrogen and hydrogen) (pri- 
mary firing). The luminous intensity after the secondary 
firing shown in FIG. 11 is data on a secondary fired sub- 
stance obtained by weighing barium chloride (BaCI 2 ) 
and adding the BaCI 2 as a flux to the primary fired sub- 
stance such that the ratio of the (Sr 093 Ba 0 05 
Eu o.02)2 Sio 4 silicate phosphor to the BaCI 2 is 1 mol. : 
0.1 mol., mixing these substances fully, and then firing 
the mixture at 1400 °C for two hours in a reducing am- 
bient (secondary firing). The luminous intensity of the 
primary fired substance is shown in FIG. 11 for refer- 
ence. In this manner, the silicate phosphor can be pro- 
duced through the procedure of the primary firing (which 
may be omitted), the addition and mixing of the flux and 
the secondary firing. 

[021 2] From the X-ray diffraction pattern of the prima- 
ry fired substance, it is confirmed that a (Sr 093 Ba 0 05 
Eu o.02)2 Si °4 silicate phosphor having an orthorhombic 
structure is present in the primary fired substance fired 
at a primary firing temperature of 800 °C or more. It is 
also confirmed that each of the primary fired substances 
obtained by being fired at primary firing temperatures of 
1000 °C, 1200 °C and 1400 °C, respectively, has an or- 
thorhombic crystal structure, i.e., has substantially one 
kind of crystal structure. 



[0213] From the X-ray diffraction pattern of the sec- 
ondary fired substance, it is confirmed that every sec- 
ondary fired substrate is a (Sr 0 93 Ba 0 05 Eu 0 02 ) 2 SiO 4 sil- 
icate phosphor having an orthorhombic structure, irre- 

5 spective of the primary firing temperature. Specifically, 
FIG. 11 shows that the silicate phosphor can be ob- 
tained through the primary firing at 800 to 1 400 °C with- 
out using a flux, and that if an additional firing (second- 
ary firing) is performed with a flux added and mixed into 

10 the primary fired substance fired at room temperature 
(i.e., without primary firing) to 1400 °C, a silicate phos- 
phor having a higher luminous intensity (which is about 
1 .4 to 1 .6 times of a silicate phosphor obtained with no 
flux) can be obtained. 

15 

—First concrete example of method for fabricating light- 
emitting semiconductor device — 

[021 4] Now, a concrete example of a method for fab- 
20 Heating a light-emitting semiconductor device according 
to the present invention is described with reference to 
the drawings. As a first concrete example, a method for 
fabricating a white-light-emitting semiconductor device 
using a transfer technique and fabrication apparatus 
25 therefor are described. FIGS. 12(a) through 12(d) are 
cross-sectional views showing respective process steps 
for fabricating a light-emitting semiconductor device of 
the first concrete example. 

[0215] First, a blue-light-emitting semiconductor chip 
30 1 01 as a blue LED shown in FIG. 12(a) is prepared. The 
blue-light-emitting semiconductor chip 101 is, for exam- 
ple, a blue LED using an element such as GaN and ex- 
hibiting an emission spectrum having a peak in the 
wavelength range from 450 nm to 560 nm. The blue- 
35 light-emitting semiconductor chip 101 includes an an- 
ode 101a and a cathode 101b on the principal surface 
thereof. 

[0216] In a process step shown in FIG. 12(b), the 
blue-light-emitting semiconductor chip 101 is mounted 

^0 and fixed on a Zener diode 102 by a flip-chip bonding 
process. In this case, the blue-light-emitting semicon- 
ductor chip 101 and the Zener diode 102 are electrically 
connected to each other. Specifically, the anode 101a 
of the blue-light-emitting semiconductor chip 101 and a 

45 cathode 102b of the Zener diode are electrically con- 
nected to each other, and the cathode 101 b of the blue- 
light-emitting semiconductor chip 101 and an anode 
102a of the Zener diode 102 are electrically connected 
to each other. 

50 [0217] Next, in a process step shown in FIG. 12(c), 
the Zener diode 102 onto which the blue-light-emitting 
semiconductor chip 101 is fixed is mounted and fixed 
on a substrate 103. In this case, the Zener diode 102 is 
fixed on the substrate 103 using an adhesive material 

55 such as a silver paste. As the adhesive material, other 
adhesive materials such as solder may be used. 
[0218] Thereafter, the anode 102a of the Zener diode 
102 is connected to an electrode terminal 104 provided 
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on the substrate 103. In this embodiment, to establish 
this connection, the anode 102a is connected to the 
electrode terminal 104 using a gold wire 105. In this 
manner, the cathode 101b of the blue-light-emitting 
semiconductor chip 101 is electrically connected to the 
electrode terminal 104 of the substrate 103. The cath- 
ode 102b of the Zener diode 102 may be connected to 
the electrode terminal 104 provided on the substrate 
103, or the anode 102a and cathode 102b of the Zener 
diode 1 02 may be connected to respective electrode ter- 
minals 104 provided on the substrate 103. 
[0219] Then, in a process step shown in FIG. 12(d), 
a resin including phosphor particles is formed such that 
light emitted by the blue-light-emitting semiconductor 
chip 101 (blue LED) passes through the resin. Specifi- 
cally, the substrate 103 is placed in a mold 107 and a 
molding resin is poured into the mold 107. In general, 
molding apparatus having a large number of such molds 
107 is used to form a large number of white-light-emit- 
ting semiconductor devices at a time. In this case, an 
epoxy resin 106 in which phosphor particles 108 are dis- 
persed is used as the molding resin. After that, the white- 
light-emitting semiconductor devices are taken off from 
the molds 107. As the epoxy resin, an NTT8506 epoxy 
resin produced by Nitto Denko Co. is used. Subsequent- 
ly, the epoxy resin is cured. 

[0220] FIGS. 13(a) and 13(b) are respectively a top 
view and a cross-sectional view showing a light-emitting 
semiconductor device formed by a fabrication method 
of the first concrete example. In FIG. 13(a), the epoxy 
resin 1 06 and the phosphor particles 108 are treated as 
transparent substances. As shown in FIGS. 13(a) and 
13(b), obtained is a light-emitting semiconductor device 
including: a blue-light-emitting semiconductor chip (blue 
LED 101) mounted on the substrate 103 via the Zener 
diode 102 and a luminescent layer 109 in which phos- 
phor particles (yellow phosphor particles) 108 are rela- 
tively evenly dispersed throughout the epoxy resin 106. 
[0221] In this way, the method for fabricating a white- 
light-emitting semiconductor device using the transfer 
technique includes: the process step of connecting the 
blue LED 101 as a blue-light-emitting device to the Zen- 
er diode 102 (substrate); and the process step of pro- 
viding the phosphor particles 1 08 and the resin 1 06 such 
that the light emitted by the blue LED 1 01 passes there- 
through. 

[0222] More specifically, the method includes: the 
step of connecting, on a wafer 109 including a plurality 
of Zener diodes 102 as shown in FIG. 49, blue LEDs as 
blue-light-emitting devices to the respective Zener di- 
odes; the step of providing a resin including a phosphor 
such that light emitted by the blue LEDs passes there- 
through; and the process step of separating the Zener 
diodes. 

[0223] Such a fabrication method allows the fabrica- 
tion of a white-light-emitting semiconductor device in- 
cluding a blue LED, a Zener diode (a substrate) to which 
the blue LED is electrically connected and a luminescent 



layer in which phosphor particles are dispersed in a res- 
in and which is provided such that the light emitted by 
the blue LED passes through the luminescent layer. 
[0224] In addition, it is also possible to fabricate a 
s white-light-emitting semiconductor device including no 
Zener diode and including a blue LED and a luminescent 
layer in which phosphor particles are dispersed in a res- 
in and which is provided such that the light emitted by 
the blue LED passes through the luminescent layer. 
10 [0225] Examples of materials constituting the blue 
LED of this concrete example include a gallium nitride- 
based compound semiconductor, a zinc selenide sem- 
iconductor and a zinc oxide semiconductor. As a phos- 
phor material, the phosphor used in the first embodi- 
es ment may be used and, in particular, a silicate phosphor 
is preferably selected. 

— Second concrete example of method for fabricating 
light-emitting semiconductor device — 

20 

[0226] Now, a method for fabricating a bulletlike light- 
emitting semiconductor device and fabrication appara- 
tus are described as a second concrete example with 
reference to the drawings. FIGS. 14(a) through 14(c) 

25 are cross-sectional views showing first-half stages of a 
process for fabricating the light-emitting semiconductor 
device of the second concrete example. FIGS. 15(a) 
and 15(b) are cross-sectional views showing the latter 
half of the process for fabricating the light-emitting sem- 

30 Conductor device of the second concrete example. 
[0227] First, In a process step shown in FIG. 14(a), 
the blue LED 101 is mounted and fixed on a frame 110 
(a lead frame). The frame 110 includes: a recess 111 
for placing the blue-light-emitting semiconductor device 

35 101 therein; a terminal 112 continuous to the recess 
111; and a terminal not continuous to the recess 111. 
These terminals 112 and 1 1 3 are connected to each oth- 
er by the same metal as these terminals at the opposite 
side of the recess 111 so as to prevent the terminals 

40 from going away from each other in the actual device, 
but the connection between the terminals will be cut off 
in a subsequent process step. The terminal 112 may not 
be connected to the recess 111 . In this case, as shown 
in FIG. 14(a), the blue LED 101 is placed on the bottom 

45 of the recess 111 and is fixed to the terminal 112 using 
an adhesive material such as a silver paste. Alternative- 
ly, other adhesive materials such as solder may be used 
as the adhesive material. 

[0228] Thereafter, in a process step shown in FIG. 14 
50 (b), an anode and a cathode of the blue LED 101 are 
electrically connected to a terminal 112c and the termi- 
nal 113, respectively, via gold wires 114. 
[0229] Then, in a process step shown in FIG. 14(c), 
a mixture of phosphor particles 116 and a resin 115 is 
55 poured into the recess 111 of the frame 110. Inthiscase, 
an epoxy resin is used as the resin 115 and the phos- 
phor particles 1 16 are dispersed in the epoxy resin. The 
epoxy resin is cured under conditions that the heating 
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temperature is 1 1 5 °C and the heating time is 1 2 hours, 
or that the heating temperature is 120 °C and the heat- 
ing time is five hours. In this manner, a luminescent layer 
119 in which the phosphor particles 116 are dispersed 
in the resin 115 is formed. In this second concrete ex- 
ample, an epoxy resin produced by Fine Polymers Co. 
is used as the epoxy resin. If a resin material which does 
not need heat for curing such as an epoxy resin (YL6663 
produced by Yuka Shell Co. Ltd.) which cures with ul- 
traviolet radiation or a resin material which cures with 
an curing agent is used as the resin 115 to be poured 
into the recess 111, softening of the resin 115 that oc- 
curs during the heating is suppressed. Accordingly, it is 
possible to prevent the sedimentation of the phosphor 
particles 116 from being promoted due to the softening 
of the resin 115 before the resin 115 cures. Therefore, 
by using a resin material that does not need heat for 
curing, the phosphor particles 116 more evenly disperse 
in the resin 115. 

[0230] Thereafter, in a process step shown in FIG. 15 
(a), the frame 110 is placed in a mold 117, while being 
turned over. Then, a resin 118 for molding is poured into 
the mold 117. In this case, an epoxy resin is used as the 
resin 118 for molding. As the resin 118 for molding, an 
epoxy resin which cures with heat is preferably used in 
terms of the reliability of a white-light-emitting semicon- 
ductor device. However, a resin which does not cure 
with heat may be used. 

[0231] Subsequently, the resin is cured, thereby ob- 
taining a bulletlike white-light-emitting semiconductor 
device as shown in FIG. 15(b). That is to say, a bulletlike 
light-emitting semiconductor device including the lumi- 
nescent layer 119 in which the phosphor particles 116 
are dispersed in the resin 115 and emitting white light 
with an excellent color tone as described in the first em- 
bodiment is obtained. 

[0232] In this case, it is sufficient for the frame 110 on 
which the blue LED 101 is placed to have a recessed 
shape in cross-section. Thus, the frame 110 includes: a 
mounting portion 112a (the bottom face of the recess in 
this case) for mounting the blue LED; a side 112b sur- 
rounding the mounting portion 112a; and terminals 1 1 2c 
and 113 such that a luminescent layer can be formed in 
a space (the recess 111) made by the mounting portion 
112a and the side 112b. The shape of the recess 111 
may be any one of a bottomless cylinder, a bottomless 
polygonal prism, a bottomless cone, a bottomless pyr- 
amid, a topless or bottomless truncated cone and a top- 
less or bottomless truncated pyramid. 
[0233] Thus, the side 1 12b is configured to reflect light 
emitted by the blue LED 101 placed on the mounting 
portion 112a (the bottom), so that it is possible to im- 
prove the external light extraction efficiency of the entire 
light-emitting semiconductor device. 
[0234] It is preferable that the resin 115 in which the 
phosphor particles 116 are dispersed is supplied to the 
recess 111 to a level lower than the height of the side 
thereof. That is to say, the luminescent layer 119 is pref- 



erably lower than the upper edge of the recess 1 1 1 . This 
is common among the cases where the shapes of the 
recess 111 are a cylinder, a polygonal prism, a cone, a 
pyramid, a truncated cone and truncated pyramid, re- 

5 spectively. In this manner, in the case where a plurality 
of white- light-emitting semiconductor devices are pro- 
vided and lights emitted by the respective white-light- 
emitting semiconductor devices are to be utilized, it is 
possible to solve the problem of crosstalk that occurs 

10 between adjacent ones of the white-light-emitting sem- 
iconductor devices when blue light emitted by one ex- 
cites phosphor particles included in a resin in the other. 
In particular, a device which emits white light by utilizing 
blue light from the blue-light-emitting semiconductor de- 

15 vice and yellow light from a phosphor excited by the blue 
light has a structure with which the blue light is also emit- 
ted to the outside, so that such a problem of crosstalk 
is serious However, If the luminescent layer 1 1 9 is lower 
than the height of the side 1 1 2b of the recess 111, such 

20 a problem of crosstalk can be eliminated. 

[0235] As described above, the method for fabricating 
the light-emitting semiconductor device of the second 
concrete example is a fabrication method (or fabrication 
apparatus) including: a step of (means for) mounting a 

25 blue LED 101 on a mounting portion 112a; and a step 
of (means for) forming a luminescent layer 119 made of 
a mixture of phosphor particles 1 1 6 and a resin 1 1 5 such 
that light emitted by the blue LED passes through the 
luminescent layer 119. 

30 [0236] Still more specifically, the fabrication method 
(or fabrication apparatus) includes: a step of (or means 
for) providing the blue-light-emitting diode on the mount- 
ing portion ; a step of (or means for) providing a first resin 
including a phosphor jn such a situation that light emitted 

35 by the blue-light-emitting diode passes through the res- 
in; and a step of (or means for) providing a second resin 
including no phosphor in such a situation that light emit- 
ted by the blue-light-emitting diode passes through the 
resin. In this case, a resin which does not cure with heat 

40 is preferably selected as the first resin, while a resin 
which cures with heat is preferably selected as the sec- 
ond resin. 

[0237] As a material constituting the blue LED, a ni- 
tride gallium-based compound semiconductor, a zinc 

45 selenide semiconductor and a zinc oxide semiconductor 
may be used. As a phosphor material, the materials 
used in the first embodiment may be used and, in par- 
ticular, a silicate phosphor is preferably selected. 
[0238] In this concrete example, the epoxy resin is 

50 used as the resin 115. Alternatively, any other resins 
such as a silicone resin may be used, 
[0239] The anode and cathode of the blue LED are 
electrically connected to the respective terminals via the 
gold wires. However, the wires may be made of any ma- 

55 terial so long as electric connections are established. 
For example, aluminum wires may used. 
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— Third concrete example of method for fabricating 
light-emitting semiconductor device — 

[0240] Now, a method for fabricating a side-view type 
white-light-emitting semiconductor device and fabrica- 
tion apparatus are described as a third concrete exam- 
ple. FIGS. 16(a) through 16(c) are cross-sectional views 
showing first-half stages of a process for fabricating the 
light-emitting semiconductor device of the third concrete 
example. 

[0241] First, in a process step shown in FIG. 16(a), 
the blue LED 101 is mounted and fixed in a casing 120. 
The casing 1 20 includes: a base 1 20 for placing the blue 
LED 101 thereon; a side 121 ; and externally connecting 
terminals 122 and 123 extending from on the bottom of 
a recess 128 to the outside through the side 121 of the 
casing 120. In this case, as shown in FIG. 16(a), the 
blue LED 1 01 is placed on the bottom of the recess 1 28 
and fixed thereon using an adhesive material such as a 
silver paste. 

[0242] Thereafter, in a process step shown in FIG. 16 
(b), an anode and a cathode of the blue LED 101 are 
electrically connected to the terminals 122 and 123 via 
gold wires 124. 

[0243] Then, in a process step shown in FIG. 16(c), 
a mixture of a resin 125 and phosphor particles 126 is 
poured into the recess 1 28 of the casing 1 20. In this con- 
crete example, an epoxy resin is used as the resin 125 
and the phosphor particles 126 are dispersed in the 
epoxy resin. The epoxy resin is cured under conditions 
that the heating temperature is 115 °C and the heating 
time is 12 hours, or that the heating temperature is 120 
°C and the heating time is five hours. In this manner, a 
luminescent layer 129 in which the phosphor particles 
126 are dispersed in the resin 125 is formed. In this third 
concrete example, an epoxy resin produced by Fine Pol- 
ymers Co. is used as the epoxy resin. If a resin material 
which does not need heat for curing such as an epoxy 
resin (YL6663 produced by Yuka Shell Co. Ltd.) which 
cures with ultraviolet radiation or a resin material which 
cures with an curing agent is used as the resin 125 to 
be poured into the recess 1 28, softening of the resin 1 25 
that occurs during the heating is suppressed. Accord- 
ingly, it is possible to prevent the sedimentation of the 
phosphor particles 126 from being promoted due to the 
softening of the resin 125 before the resin 125 cures. 
Therefore, by using a resin material that does not need 
heat for curing, the phosphor particles 126 disperse 
more evenly in the resin 125. 

[0244] Subsequently, the resin is cured, thereby ob- 
taining a side-view type white-light-emitting semicon- 
ductor device as shown in FIG. 16(c). That is to say, a 
bulletlike light-emitting semiconductor device including 
the luminescent layer 129 in which the phosphor parti- 
cles 126 disperse in the resin 125 and emitting white 
light with an excellent color tone as described in the first 
embodiment is obtained. 

[0245] In this case, it is sufficient for the casing 120 



on which the blue LED 1 01 is placed to have a recessed 
shape in cross-section. Thus, the casing 120 includes 
a base 120 for mounting the blue LED thereon, a side 
121 surrounding the recess 128 on the base 120; and 

5 the externally connecting terminals 122 and 123 such 
that a luminescent layer can be formed in a space (the 
recess 128) made by the base 120 and the side 121. 
The shape of the recess 128 may be any one of a bot- 
tomless cylinder, a bottomless polygonal prism, a bot- 

io tomless cone, a bottomless pyramid, a topless or bot- 
tomless truncated cone and a topless or bottomless 
truncated pyramid. 

[0246] Thus, the side 121 is configured so as to serve 
as a reflecting plate for reflecting light emitted by the 

15 blue LED 101 placed on the base 120, so that it is pos- 
sible to enhance the external light extraction efficiency 
of the entire light-emitting semiconductor device. 
[0247] It is preferable that the resin 125 in which the 
phosphor particles 126 are dispersed is supplied to a 

20 level lower than the height of the side 1 21 (the side wall 
of the recess). That is to say, the luminescent layer 129 
is preferably lower than the upper edge of the recess 
128. This is common among the cases where the 
shapes of the recess 128 are a cylinder, a polygonal 

25 prism, a cone, a pyramid, a truncated cone and truncat- 
ed pyramid, respectively. In this manner, in the case 
where a plurality of white-fight-emitting semiconductor 
devices are provided and lights emitted by the respec- 
tive light-emitting semiconductor devices are to be uti- 

30 lized, it is possible to solve the problem of crosstalk that 
occurs between one of the white-light-emitting semicon- 
ductor devices and an adjacent one of the white-light- 
emitting semiconductor devices when blue light emitted 
by the one excites phosphor particles included in a resin 

35 jn the other. In particular, a device which emits white light 
by utilizing blue tight from the blue-light-emitting semi- 
conductor device and yellow light from a phosphor ex- 
cited by the blue light has a structure with which the blue 
light is also emitted to the outside, so that such a prob- 

40 lem of crosstalk is serious. However, if the luminescent 
. layer 1 29 is lower than the height of the side 121 , such 
a problem of crosstalk can be eliminated. 
[0248] As described above, the method for fabricating 
the light-emitting semiconductor device of the third con- 

45 crete example is a fabrication method including: a step 
of mounting a blue LED 101 (blue-light-emitting device) 
on a base 1 20; and a step of forming a luminescent layer 
129 made of a mixture of phosphor particles 126 and a 
resin 1 25 such that light emitted by the blue LED passes 

50 through the luminescent layer. 

[0249] More specifically, the fabrication method in- 
cludes: a step of mounting the blue-light-emitting device 
on the base; a step of providing the luminescent layer 
such that light emitted by the blue-light-emitting device 

55 passes through the luminescent layer; and a step of pro- 
viding a permeable resin including no phosphor such 
that the light emitted by the blue-light-emitting diode 
passes through the resin. In this case, a resin which 
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does not cure with heat is preferably selected as the res- 
in constituting the luminescent layer and a resin which 
cures with heat is preferably selected as the resin in- 
cluding no phosphor. 

[0250] As a material constituting the blue LED, a ni- 
tride gallium-based compound semiconductor, a zinc 
selenide semiconductor and a zinc oxide semiconductor 
may be used. As a phosphor material, the materials 
used in the first embodiment may be used and, in par- 
ticular, a silicate phosphor is preferably selected. 
[0251] In this concrete example, the epoxy resin is 
used as the resin 125. Alternatively, any other resins 
such as a silicone resin may be used. 
[0252] The anode and cathode of the blue LED are 
electrically connected to the respective terminals via 
gold wires. However, the wires may be made of any ma- 
terial so long as electric connections are established. 
For example, aluminum wires may be used. 
[0253] In the processes for fabricating the light-emit- 
ting semiconductor devices according to the respective 
concrete examples, the phosphor particles are prefera- 
bly dispersed as evenly as possible in the resin. In view 
of this, concrete examples for dispersing the phosphor 
particles evenly throughout the resin in the processes 
for fabricating a light-emitting semiconductor device will 
be described below. 

— First concrete example for dispersing phosphor 
particles evenly — 

[0254] As a first concrete example, a method for ap- 
plying vibration during curing of a resin and an appara- 
tus therefor are described. FIGS. 17(a) and 17(b) are 
plan views respectively showing two methods for apply- 
ing ultrasonic vibration in a process for fabricating a 
light-emitting semiconductor device. Specifically, as 
shown in FIG. 17(a), the mold 107 is placed in an ultra- 
sonic vibration layer 130 (produced by KAIJODENNKI 
Co.). While a resin 106 is curing, vibration is applied to 
the entire mold 107, so that the phosphor particles 1 08 
are evenly dispersed in the resin 106. Alternatively, vi- 
bration may be directly applied to the mold 107 by a vi- 
bration applying means 1 31 (such as an ultrasonic horn) 
as shown in FIG. 17(b): For example, even if the phos- 
phor particles 108 sediment in the bottom of the resin 
106 in the luminescent layer 109 because of a large dif- 
ference in specific gravity between the resin 1 06 and the 
phosphor particles 108, the phosphor particles 108 and 
the resin 106 are caused to vibrate by applying vibration 
to the mold 107 as shown in FIGS. 17(a) and 17(b), 
thereby allowing the phosphor particles 108 to disperse 
evenly in the resin 106 as shown in FIG. 21(d). 
[0255] FIGS. 18 (a) and 18(b) are plan views respec- 
tively showing two methods for applying ultrasonic vi- 
bration in the first concrete example of the method for 
fabricating the light-emitting semiconductor device (the 
method for fabricating the bulletlike light-emitting semi- 
conductor device) and also showing the states in the ap- 



plication of ultrasonic vibration in the process step 
shown in FIG. 15(b). Specifically, as shown in FIG. 18 
(a), the mold 117 is placed in the ultrasonic vibration 
layer 130 (produced by KAIJODENNKI Co.) and vibra- 

5 tion is applied to the entire mold 117 while the resin 115 
is curing, thereby allowing the phosphor particles 1 1 6 to 
disperse evenly in the resin 115. Alternatively, vibration 
may be directly applied to the mold 1 1 7 by the vibration 
applying means 131 (such as an ultrasonic horn) as 

10 shown in FIG. 18(b). For example, even if the phosphor 
particles 116 sediment in the bottom of the resin 115 in 
the luminescent layer 119 as shown in FIG. 21(a) be- 
cause of a large difference in specific gravity between 
the resin 115 and the phosphor particles 116, the phos- 

is phor particles 116 and the resin 115 are caused to vi- 
brate by applying vibration to the mold 117 as shown in 
FIGS. 18(a) and 18(b), thereby allowing the phosphor 
particles 116 to disperse evenly in the resin 115 as 
shown in FIG. 21(c). 

20 [0256] In the same manner, in the step shown in FIG. 
16(c) in the third concrete example of the method for 
fabricating the light-emitting semiconductor device (the 
method for fabricating the side-view type light-emitting 
semiconductor device), the ultrasonic vibration device 

25 130 or the vibration applying means 131 may be used. 
In such a case, even if the phosphor particles 126 sed- 
iment in the bottom of the resin 125 in the luminescent 
layer 129 because of a large difference in specific grav- 
ity between the resin 125 and the phosphor particles 

30 1 26, for example, the phosphor particles 126 are also 
evenly dispersed in the resin 125 by applying vibration 
to the phosphor particles 126 and the resin 125. 

— Second concrete example for dispersing phosphor 
35 particles evenly — 

[0257] As a second concrete example, a method and 
apparatus for turning over a mold while a resin is curing 
are described. FIGS. 19(a) and 19(b) are cross-section- 
al views showing a method for turning over a mold in a 
process for fabricating a light-emitting semiconductor 
device and also showing the respective states when the 
mold is turned over. That is to say, as shown in FIG. 19 
(a), an inverting means including a rotation shaft 141 
and a driving motor (not shown) for rotating the rotation 
shaft 141 is used and the rotation shaft 141 is installed 
in the mold 1 07 so that the entire mold 1 07 is repeatedly 
turned over between a normal orientation shown in FIG. 
19(a) and an inverted orientation shown in FIG. 19(b) 
while the resin 106 is curing, thereby allowing the phos- 
phor particles 108 to disperse evenly in the resin 106. 
For example, even if the phosphor particles 108 sedi- 
ment in the bottom of the resin 106 in the luminescent 
layer 109 as shown in FIG. 21(b) because of a large 
difference in specific gravity between the resin 106 and 
the phosphor particles 108, turning over the mold 107 
as shown in FIGS. 1 9(a) and 1 9(b) causes the phosphor 
particles 1 08 and the resin 1 06 to move so that the phos- 
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phor particles 108 disperse evenly in the resin 106 as 
shown in FIG. 21(d). 

[0258] In this case, as the number of rotating the mold 
107 increases, the phosphor particles 108 disperse 
more evenly in the resin 106. In addition, since about 
90% of the whole of the resin cures for the first one hour, 
the mold 107, i.e., the resin 106, is preferably turned 
over within this first one hour. 

[0259] FIGS. 20(a) and 20(b) show the respective 
states in turning over the mold in step shown in FIG. 15 
(a) in the second concrete example of the process for 
fabricating the light-emitting semiconductor device. 
Specifically, as shown in FIG. 20(a), the inverting means 
including the rotation shaft 141 and a driving motor (not 
shown) for rotating the rotation shaft 141 is used and 
the rotation shaft 141 is installed in the mold 117 so that 
the entire mold 117 is repeatedly turned over between 
a normal orientation shown in FIG. 20(a) and an inverted 
orientation shown in FIG. 20(b) while the resin 115 is 
curing, thereby allowing the phosphor particles 116 to 
disperse evenly in the resin 115. For example, even if 
the phosphor particles 116 sediment in the bottom of the 
resin 115 in the luminescent layer 119 as shown in FIG. 
21(a) because of a large difference in specific gravity 
between the resin 115 and the phosphor particles 116, 
turning over the mold 117 as shown in FIGS. 20(a) and 
20(b) causes the phosphor particles 116 and the resin 
115 to move so that the phosphor particles 116 disperse 
evenly in the resin 115 as shown in FIG. 21(c). 
[0260] In this case, as the number of rotating the mold 
117 increases, the phosphor particles 116 disperse 
more evenly in the resin 115. In addition, since about 
90% of the whole of the resin cures for the first one hour, 
the mold 117, i.e., the resin 115, is preferably turned 
over within this first one hour. 

[0261] In the same manner, in the step shown in FIG. 
16(c) in the third concrete example of the method for 
fabricating the light-emitting semiconductor device (the 
method for fabricating the side-view type light-emitting 
semiconductor device), an inverting means may be 
used. In such a case, even if the phosphor particles 1 26 
sediment in the bottom of the resin 125 in the lumines- 
cent layer 129 because of a large difference in specific 
gravity between the resin 125 and the phosphor parti- 
cles 126, for example, turning over the phosphor parti- 
cles 1 26 and the resin 1 25 allows the phosphor particles 
126 to disperse evenly in the resin 125. 

— Third concrete example for dispersing phosphor 
particles evenly — 

[0262] As a third concrete example, a method for per- 
forming, a plurality of times, a process of filling a recess 
or a mold with a resin and then curing the resin is de- 
scribed. 

[0263] In this concrete example, in the step shown in 
FIG. 12(d) in the first concrete example of the method 
for fabricating the light-emitting semiconductor device 



(the transfer technique), for example, one-third of the 
whole resin 106 including the phosphor particles 108 is 
poured into the mold 107 and then cures by heating the 
resin 106 at 120 °C for five hours! This process is re- 
5 peated three times, thereby forming a luminescent layer 
109 in the mold 107. 

[0264] By thus pouring and curing the resin through 
the process repeated a plurality of times, the phosphor 
particles 108 disperse relatively evenly in the resin 106 
without sedimenting in the bottom of the resin 1 06 in the 
luminescent layer 109 as shown in FIG. 21(b). 
[0265] In the same manner, in the step shown in FIG. 
14(c) in the second concrete example of the method for 
fabricating the light-emitting semiconductor device (the 
method for fabricating the bulletlike light-emitting semi- 
conductor device), or in the step shown in FIG. 16(c) in 
the third concrete example of the method for fabricating 
the light-emitting semiconductor device (the method for 
fabricating the side-view type light-emitting semicon- 
ductor device), if the step of pouring a resin into a mold 
or a recess and curing the resin is performed a plurality 
of times, phosphor particles are relatively evenly dis- 
persed in the resin. 

[0266] In this case, as the number of steps of pouring 
and curing the resin in the mold or recess increases, the 
phosphor particles disperse more evenly in the resin. 
However, since a larger number of the steps require a 
longer fabrication time, the number of the steps is pref- 
erably five or less, and most preferably about three. 

— Fourth concrete example for dispersing phosphor 
particles evenly — 

[0267] As a fourth concrete example, a method using 
a high-viscosity resin in forming a luminescent layer will 
be described. 

[0268] In this concrete example, in a process for fab- 
ricating a light-emitting semiconductor device (e.g., the 
step shown in FIG. 17(c)), for example, if the resin 106 
including the phosphor particles 108 has a high viscos- 
ity, it is possible to prevent sedimentation of the phos- 
phor particles 108 while the resin 106 is curing. In this 
concrete example, it is assumed that the resin 106 has 
a viscosity at which the phosphor particles 108 do not 
sediment. The viscosity is preferably in the range from 
1 Pa-S to 100 PaS, both inclusive. 
[0269] By thus using the high-viscosity resin, the 
phosphor particles 108 disperse relatively evenly in the 
resin 106 without sedimenting in the bottom of the resin 
106 in the luminescent layer 109 as shown in FIG. 21 (b). 
[0270] In the same manner, in the step shown in FIG. 
14(c) in the second concrete example of the method for 
fabricating the light-emitting semiconductor device (the 
method for fabricating the bulletlike light-emitting semi- 
conductor device), or the step shown in FIG. 16(c) in the 
third concrete example of the method for fabricating the 
light-emitting semiconductor device (the method for fab- 
ricating the side-view type light-emitting semiconductor 
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device), if a high-viscosity resin is used, the phosphor 
particles disperse relatively evenly in the resin. 

— Fifth concrete example for dispersing phosphor 
particles evenly — 

[0271] As a fifth concrete example, a method using a 
resin which does not need heat for curing in forming a 
luminescent layer will be described. 
[0272] In this concrete example, in a process for fab- 
ricating a light-emitting semiconductor device (e.g., the 
step shown in FIG. 12(d)), for example, a resin which 
cures with ultraviolet radiation (YL6663 produced by Yu- 
ka Shell Co. Ltd.) (which will be hereinafter referred to 
as an ultraviolet-curing resin) is used as the resin 106 
including the phosphor particles 108. Alternatively, a 
resin which cures with a curing agent (hereinafter, re- 
ferred to as a two-liquid-curing resin) may be used as 
the resin 106. 

[0273] As a result, it was found that the use of a resin 
which cures with heat causes the phosphor particles 
108 to sediment to some extent because such a resin 
has its viscosity decreased in a certain period before 
curing, whereas the use of the ultraviolet-curing resin or 
two-liquid-curing resin which does not cure with heat al- 
lows the phosphor particles 108 to disperse relatively 
evenly in the resin 106. 

[0274] In the same manner, in the step shown in FIG. 
14(c) in the second concrete example of the method for 
fabricating the light-emitting semiconductor device (the 
method for fabricating the bulletlike light-emitting semi- 
conductor device), orthe step shown in FIG. 16(c) in the 
third concrete example of the method for fabricating the 
light-emitting semiconductor device (the method for fab- 
ricating the side-view type light-emitting semiconductor 
device), if an ultraviolet-curing resin or a two-liquid-cur- 
ing resin which does not cure with heat is used, the 
phosphor particles disperse relatively evenly in the res- 
in. 

[0275] If the steps or means for dispersing the phos- 
phor particles more evenly in the resin are provided as 
in the first through fifth concrete examples, the following 
effects are achieved. That is to say, as compared to the 
case where phosphor particles are unevenly distributed, 
if the phosphor particles are evenly dispersed, especial- 
ly in a vertical direction, in the resin, it is possible to out- 
wardly extract blue light (light whose emission spectrum 
has a peak between 450 nm and 560 nm) emitted by a 
blue LED, which is otherwise excessively confined in the 
unevenly distributed phosphor particles. As a result, ap- 
propriate white light can be obtained. 
[0276] In addition, a problem that the fluorescence it- 
self emitted by the phosphor particles is confined exces- 
sively in the unevenly distributed phosphor particles is 
eliminated. Therefore, it is possible to extract the fluo- 
rescence to the outside. 

[0277] Moreover, as compared to the case where 
phosphor particles are unevenly dispersed in a resin, 



especially in the case where the phosphor sediments 
on the substrate 103 as shown in FIGS. 21(a) and 21 
(c), even though the amount of the phosphor is reduced 
by 10% using the same blue LED, a white-light-emitting 
s semiconductor device with the same color temperature 
is achieved, and in addition, the luminance and the in- 
tensity can be increased with the same color tempera- 
ture. 

[0278] The effects are obtained by using only one of 
10 the steps or means in the first through fifth concrete ex- 
amples. However, further synergistic effects are created 
by using two or more of the steps or means. 

— Concrete example relating to agitation for 
is luminescent layer— 

[0279] FIG. 22 is a cross-sectional view showing a 
preferred concrete example of a phosphor paste dis- 
charging apparatus for use in pouring a phosphor paste 

20 containing a silicate phosphor into a cavity in a light- 
emitting semiconductor device. In FIG. 22, reference 
numeral 200 denotes a material tank, reference numeral 
201 denotes a head, reference sign CA denotes a cavity 
in a light-emitting semiconductor device, reference nu- 

25 meral 204 denotes a pump, reference numeral 205 de- 
notes a dispersion nozzle, reference numeral 206 de- 
notes a phosphor paste, reference numeral 207 denotes 
phosphor particles contained in the phosphor paste 206, 
and reference numeral 208 denotes a resin included in 

30 the phosphor paste 206. The head 201 includes: a tank 
compartment 202 for storing the phosphor paste 206 
moved from the material tank 200; a nozzle 203 for 
ejecting the phosphor paste 206 into the cavity CA; and 
a metal ball S placed in the tank compartment 202, for 

35 example. The phosphor paste stored in the material tank 
200 is supplied to the tank compartment 202 through 
the pressurization by the circulating pump 204, and then 
is continuously ejected into the cavity CA through the 
nozzle 203. 

40 [0280] In the phosphor paste 206 stored in the mate- 
rial tank 200 or the tank compartment 202, the phosphor 
particles 207 aggregate together with time and are likely 
to form a cluster of the phosphor particles 207. The for- 
mation of the cluster of the phosphor particles 207 caus- 

45 es the nozzle 203 to clog or the concentration of the 
phosphor particles 207 in the phosphor paste 206 to be 
ejected to vary, so that it is difficult to disperse the phos- 
phor particles 207 evenly in the cavity CA in some cas- 
es. To avoid the difficulty, in the phosphor paste dis- 

50 charging apparatus of this example, the phosphor paste 
207 stored in the material tank 200 or the tank compart- 
ment 202 is agitated, thereby suppressing the formation 
of the cluster of the phosphor particles 207. In the ex- 
ample shown in FIG. 22, the metal ball S is contained 

w in the material tank 200 or the tank compartment 202 
and the metal ball S is moved within the tank by mag- 
netic force, thereby allowing agitation of the phosphor 
paste 207. In this manner, agglomeration of the phos- 
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phor is suppressed in the material tank 200 or the tank 
compartment 202. 

[0281 J A method for agitating the phosphor paste 207 
in the material tank 200 or the tank compartment 202 is 
not limited to the method using the metal ball S as shown 
in FIG. 22, and a lot of other methods may be adopted 
so long as the variation in concentration distribution in 
the phosphor paste 207 within, for example, the tank 
compartment is suppressed as much as possible. For 
example, vibration may be applied to the tank compart- 
ment 202 or an agitating member may be merely in- 
stalled on the tank compartment 202. Alternatively, a fil- 
ter may be placed in the material tank 200 so that the 
phosphor paste 206 is supplied into the material tank 
200 through the filter, thereby dissolving the cluster. 
[0282] In addition, the phosphor paste discharging 
apparatus of this concrete example is provided with the 
dispersion nozzle 205 for controlling the flow rate of the 
phosphor paste 206. Accordingly, when the phosphor 
paste 206 passes through the dispersion nozzle 205, 
the cluster of the phosphor particles 207 in the phosphor 
paste 206 is separated into small pieces by a jet stream, 
thereby disassembling the cluster. If the neck diameter 
of the dispersion nozzle 205 is previously set to fit the 
nozzle diameter of the head 202, the cluster in the phos- 
phor paste 206 created in the material tank 200 or in a 
supply path on the way to the material tank 200 is ap- 
propriately disassembled, thereby stabilizing the ejec- 
tion from the nozzle 203. By suppressing the agglomer- 
ation of the phosphor in the head 202 via the dispersion 
nozzle 205, the nozzle 203 is prevented from clogging 
and, more over, the phosphor particles 207 are easily 
dispersed evenly in the cavity CA. The dispersion noz- 
zle 205 is not necessarily provided and may be adap- 
tively provided according to, for example, the viscosity 
of the silicate phosphor. 

— Electrification of luminescent layer— 

[0283] As described above, a large difference in spe- 
cific gravity between a YAG-based phosphor and a base 
material is considered to be one cause of sedimentation 
of the phosphor. In addition, the fact that the YAG-based 
phosphor is always positively charged is considered an- 
other cause. That is to say, if a resin as the base material 
is positively charged, as is the YAG-based phosphor, the 
resin and the YAG-based phosphor repel each other in 
general, resulting in that the YAG-based phosphor sed- 
iments. 

[0284] On the other hand, considering the fact that a 
silicate phosphor containing a component expressed by 
the chemical formula (Sr 1 . a1 . b1 . x Ba a1 Ca b1 Eu x ) 2 Si0 4 as 
a main component does not sediment with respect to 
the same resin, and the above-described relationship 
between electrification and sedimentation, the silicate 
phosphor particles are negatively charged, i.e., oppo- 
sitely charged to the resin, so that the phosphor and the 
resin attract each other. As a result, it is concluded that 



the silicate phosphor particles disperse throughout the 
resin. Examples of such resins to be positively charged 
include an epoxy resin and a silicone resin. 
[0285] In view of this, means for facilitating the disper- 
5 sion of the YAG-based phosphor particles may be a 
method for coating the phosphor particles with an oxide 
to be negatively charged. 

[0286] As a method for coating the surfaces of the 
phosphor particles with an oxide or a fluoride, a suspen- 
se sion of a phosphor paste and a suspension containing 
coating particles of a needed oxide or fluoride are mixed 
and agitated, and then subjected to suction filtration. 
Thereafter, the resultant substance is dried at 1 25 °C or 
higher and then is fired at 350 °C. In order to enhance 
is the adherability between the phosphor and the oxide or 
fluoride, a small amount of a resin, an organic silane or 
a liquid glass may be added. 

[0287] As a method for applying a coating to the sur- 
faces of the phosphor particles, a method utilizing the 

20 hydrolysis of an organic metal compound may be used. 
Then, a coating of Si0 2 , which is an oxide readily to be 
negatively charged, is applied to the surfaces of the 
phosphor particles. In forming an Al 2 0 3 film, AI(OC 2 H 5 ) 3 
which is aluminum alkoxide, is used for a phosphor so 

25 as to be mixed and agitated in an alcohol solution , there- 
by applying Al 2 0 3 to the surface of the phosphor. 
[0288] The present inventors found that by thus at- 
taching or applying, as a coating, a member made of a 
material which is opposite to the resin in electrification 

30 polarity to the surfaces of the phosphor particles, resin 
particles surround the phosphor particles to which the 
member positively charged, i.e., oppositely charged to 
the resin, is attached or applied as a coating, resulting 
in suppressing agglomeration of the phosphor particles 

35 as well as preventing sedimentation of the phosphor 

: particles. That is to say, the present inventors found that 
in either case of the YAG-based phosphor particles or 
the silicate phosphor particles, if members are selected 
such that at least the resin, in which the phosphor par- 

40 tides are dispersed, and the phosphor particles are 
charged oppositely to each other, such pronounced sed- 
imentation of phosphor particles as observed in the 
known devices does not occur. 
[0289] In this case, if the amount of an oxide of fluoride 

45 coating which is applied to the surfaces of the phosphor 
particles and is to be negatively charged is too small, 
only a small effect is achieved, whereas if the amount 
thereof is too large, the coating absorbs emission of light 
so that the luminance might decrease. Therefore, the 

so present inventors have conducted various experiments 
to find that the amount of an oxide or fluoride coating 
which is applied to the surfaces of the phosphor particles 
and is to be negatively charged Is preferably in the range 
from 0.05% to 2.0% of the phosphor particles in weight. 

55 [0290] In this manner, as a further aspect of the 
present invention, provided is a structure in which an 
epoxy resin includes a YAG-based phosphor to which 
SiQ 2 is applied as a coating or attached. That is to say, 
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the present invention provides a structure in which an 
epoxy resin includes a YAG-based phosphor to which 
an oxide or a fluoride to be negatively charged is at- 
tached or applied as a coating, and also provides a 
method for forming such a structure. More specifically, 
the present invention provides a structure in which a 
YAG-based phosphor to which an oxide or a fluoride to 
be negatively charged is attached or applied as a coat- 
ing is included in an epoxy resin which is a resin causing 
the YAG-based phosphor to be negatively charged, and 
also provides a method for forming such a structure. Still 
more specifically, the present invention provides a struc- 
ture in which light emitted by a blue LED passes through 
the epoxy resin and a method for forming such a struc- 
ture, thereby making it possible to provide a white/whit- 
ish-light-emitting semiconductor device in which phos- 
phor particles disperse evenly, as shown in FIGS. 21 (c) 
and 21(d). 

— Example of silicate phosphor for light-emitting 
semiconductor device — 

[0291] Hereinafter, an implementation example of an 
inventive light-emitting semiconductor device will be de- 
scribed. 

(Example of procedure for forming silicate phosphor) 

[0292] First, silicate phosphor particles having a com- 
position enough to emit yellow/yellowish light was 
formed. Powders of barium carbonate (BaC0 3 ), stron- 
tium carbonate (SrC0 3 ), europium oxide (Eu 2 0 3 ) or sil- 
icon dioxide (Si0 2 ) were used as materials for the phos- 
phor. Calcium chloride (CaCI 2 ) was used as a flux. Each 
of the materials has a purity of 99.9% or more and a 
particle size in the range from 10 nm to 5 urn, both in- 
clusive. To eliminate errors in weighing caused by an 
adsorption gas, variation in weight of each of the mate- 
rials before and after heating performed at about 900 °C 
in the air was previously examined and grasped. 
[0293] After 9.9 g, 1 38.0 g, 2.6 g, 30.7 g and 1 .7 g of 
powdery barium carbonate, strontium carbonate, euro- 
pium oxide, silicon dioxide and calcium chloride, respec- 
tively, had been weighed with an electric balance, these 
powders were fully mixed with an automatic mortar, 
thereby obtaining a mixed phosphor material powder. 
Thereafter, an alumina boat was charged with the mixed 
phosphor material powder and then was placed in a giv- 
en position within a tubular atmospheric furnace using 
an alumina as a core tube, and then firing was per- 
formed. The firing was performed at a heating temper- 
ature of 1400 °C in an ambient containing 5% hydrogen 
and 95% nitrogen for two hours. 
[0294] After it was confirmed that the interior of the 
core tube was cooled to room temperature, the fired 
substance (silicate phosphor) was taken out and sub- 
jected to subsequent processes such as pulverizing, 
cleaning, classification and drying. In this manner, a sil- 



icate phosphor having an orthorhombic structure and 
emitting yellow/yellowish light was obtained. 
[0295] Hereinafter, results of pre-evaluation per- 
formed on characteristics of the obtained silicate phos- 
s phor will be described. In this evaluation, the composi- 
tion of the silicate phosphor, the excitation spectrum and 
emission spectrum of the silicate phosphor, the reflect- 
ing spectrum of blue excitation light, and the emission 
spectrum of a phosphor excited by blue light, were eval- 
10 uated using a crystal component of the silicate phosphor 
particles obtained by an X-ray diffraction, a particle dis- 
tribution and particle size of the silicate phosphor parti- 
cles measured with a laser diffraction particle size ana- 
lyzer, and an ICP spectroscopy. 
15 [0296] FIG. 23 is an X-ray diffraction pattern showing 
a result of an X-ray diffraction analysis performed on a 
silicate phosphor and also showing a relationship be- 
tween diffraction angle and X-ray diffraction intensity. 
The X-ray diffraction pattern shown in FIG. 23 is the 
same as an X-ray diffraction pattern of an orthorhombic 
Sr 2 Si0 2 compound, which will be described later (see 
FIG. 27(b)). This shows that the silicate phosphor of the 
implementation example is a (Si, Ba, Eu) 2 Si0 4 phos- 
phor with one kind of crystal structure having an or- 
thorhombic structure. 

[0297] FIG. 24 is a graph showing a particle-size dis- 
tribution in the silicate phosphor observed by an X-ray 
diffraction. As shown in FIG. 24, particle sizes of the sil- 
icate phosphor particles of the implementation example 
are distributed within the range from about 3 nm to 30 
nm, both inclusive, and the phosphor is made of a group 
of phosphor particles having a particle size of 11 .5 jim. 
As a result of an electron microscope observation, it is 
shown that one particle of the silicate phosphor is a clus- 
ter made of several round primary particles. Although 
slight surface roughness is observed, the surfaces of the 
primary particles are relatively smooth. 
[0298] Next, the composition of the silicate phosphor 
was evaluated using an ICP spectroscopy. As a result, 
it was found that the composition of the silicate phosphor 

is ( Ca o.oi5 Sr o.92 Ba o.05 Eu o.oi5) Si o.99°x- whlch substan- 
tially coincides with the composition of an as-charged 
silicate phosphor. 

[0299] Then, an excitation spectrum and an emission 
spectrum of the silicate phosphor were evaluated. A re- 
sult of this evaluation is already shown with reference 
to FIG. 8. For comparison, an excitation spectrum and 
an emission spectrum of a YAG-based phosphor are al- 
so shown in FIG. 8. FIG. 8 shows that the silicate phos- 
phor of this example is a yellow/yellowish phosphor hav- 
ing an excitation-light peak around 250 to 300 nm and 
absorbing light in the wide wavelength range from 100 
to 500 nm to produce an emission at a peak wavelength 
of 569 nm. The yellow/yellowish light emitted by the sil- 
icate phosphor has a chromatically point (x, y) of (0.484, 
0.506) in a CIE chromaticity diagram. 
[0300] FIG. 25 is a graph showing a result of evalua- 
tion performed on emission of the silicate phosphor 
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through integration using an integrating sphere. In this 
case, the silicate phosphor obtained by the above-de- 
scribed process is irradiated with blue light for excitation 
with a wavelength of 470 nm so that the reflecting spec- 
trum of the blue excitation light and the emission spec- 
trum of a phosphor excited by the blue light were eval- 
uated. The blue light with a wavelength of 470 nm was 
obtained by sending light from a Xe lamp through a mon- 
ochromator. Forcomparison, FIG. 25 aiso shows the re- 
flecting spectrum and emission spectrum of a YAG- 
based phosphor. In FIG. 25, the emission peak at 470 
nm is caused by the excitation light (blue light). FIG. 25 
shows that the silicate phosphor has a tendency to re- 
flect at feast three times as much blue light, as the YAG- 
based phosphor, and that as compared to the YAG- 
based phosphor, the silicate phosphor exhibits a low lu- 
minous intensity, which is about half of the luminous in- 
tensity of the YAG-based phosphor, when excited by the 
blue light. 

— Various characteristics of silicate phosphor— 

[0301] Hereinafter, the characteristics of the silicate 
phosphorformed by the above-described procedure will 
be described in detail. FIG. 53 is a table showing typical 
compositions and characteristics of silicate phosphors 
for reference. FIG. 53 indicates compositions quantita- 
tively evaluated by an ICP spectroscopy basically or 
compositions which can be estimated from the results 
of the quantitative evaluation. 

[0302] Firstly, a relationship between the composition 
and the crystal structure of a silicate phosphor is de- 
scribed. The following descriptions are about a silicate 
phosphor obtained by setting the Eu concentration 
(which is defined as Eu/(Sr+Ba+Ca+Eu)) at a typical val- 
ue of 2 at.% (i.e., Eu concentration = 0.02) and by being 
fired at 1 400 d C in a reducing atmosphere for two hours. 
[0303] As has been described above, the silicate 
phosphor can be in at least three kinds of crystal struc- 
tures such as an orthorhombic system, a monoclinic 
system and a hexagonal system depending on its com- 
position. These kinds of crystal structures are described 
with reference to FIGS. 26(a) through 30(b). 
[0304] FIGS. 26(a) and 26(b) are X-ray diffraction pat- 
terns respectively showing a (Sr 0 98 Eu 0 02 ) 2 SiO 4 phos- 
phor containing neither Ca nor Ba and a publicly known 
monoclinic Sr 2 Si0 4 compound. FIGS. 27(a) and 27(b) 
are X-ray diffraction patterns respectively showing a 
(Sr 09 3Ba 005 Eu 00 2) 2 SiO 4 phosphor containing no Ca 
and containing 5 at.% Ba in terms of substitution amount 
and a publicly known orthorhombic Sr 2 Si0 4 compound. 
FIGS. 28(a) and 28(b) are X-ray diffraction patterns re- 
spectively showing a (Ba 0 98 Eu 0 02 ) 2 SiO 4 phosphor 
containing neither Ca nor Sr and a publicly known or- 
thorhombic Ba 2 Si0 4 compound. FIGS. 29(a) and 29(b) 
are X-ray diffraction patterns respectively showing a 
(Ca 0 38 Ba 0 60 Eu 0 02 ) 2 SiO 4 phosphorcontaining 38 at.% 
Ca and 60 at.% Ba and a publicly known hexagonal 



Ba 0 , 3 Ca 0 7 Si0 4 compound. FIGS. 30(a) and 30(b) are 
X-ray diffraction patterns respectively showing a 
( Ca o.98Eu 0 .o2)2Si0 4 phosphor containing neither Sr nor 
Ba and a publicly known monoclinic Ca^iC^ com- 
5 pound. 

[0305] These X-ray diffraction patterns show data 
measured at room temperature and atmospheric pres- 
sure. FIGS. 26(b), 27(b), 28(b), 29(b) and 30(b) show 
data on compounds publicly known by JCPDS (Joint 

10 Committee on Powder Diffraction Standards) card and 
indicate respective numbers of the compounds. Com- 
parisons of the X-ray diffraction patterns in FIGS. 26(a) 
through 30(a) with the corresponding X-ray diffraction 
patterns in FIGS. 26(b) through 30(b) show that the 

15 crystal structures of the phosphors formed in this exam- 
ple are a monoclinic system, an orthorhombic system, 
an orthorhombic system, a hexagonal system and a 
monoclinic system, respectively. 
[0306] The relationship between the compositions 

20 and the main crystal structures of silicate phosphors are 
shown in FIG. 53. The (Si, Ba) 2 Si0 4 : Eu 2+ phosphors 
and the (Ca, Sr) 2 Si0 4 : Eu 2+ phosphors can be in the 
crystal structures of a monoclinic system and an or- 
thorhombic system. The (Ca, Ba) 2 Si0 4 : Eu 2+ phos- 

25 phors can be in the crystal structure of an orthorhombic 
system, a hexagonal system and a monoclinic system. 
The (Sr, Ba, Ca) 2 Si0 4 : Eu 2+ phosphors in which the 
substitution amount of Sr (= Sr/(Sr+Ba+Ca+Eu)) is 50 
at.% or more have an orthorhombic structure. 

30 [0307] With respect to the crystal structure, 
( Sl Vai-x Ba ai Eu x)2 Si °4 phosphors are worthy of special 
remark. A pure (Sr 1 . x Eu x ) 2 Si0 4 phosphorcontaining no 
Ba has a monoclinic structure at least in the Eu concen- 
tration range 0^x^0.1. However, if the (Sr^^ 

35 Ba a1 Eu x ) 2 Si0 4 phosphor contains about 1 at.% or more 
Ba in terms of substitution amount (= Ba/(Sr+Ba+ 
Ca+Eu)), the phosphor has an orthorhombic structure 
at least in the Eu concentration range 0^x^0.3 (see 
FIG. 53). 

40 [0308] FIGS. 31 (a) and 31 (b) are X-ray diffraction pat- 
terns respectively showing a (Sr 0Q4 Ba 0 14 Eu 002 ) 2 
(Si 0 e Ge 0 2 )0 4 phosphor in which part of Si is substituted 
with Ge and a publicly known orthorhombic Sr 2 Si0 4 
compound. FIGS. 31(a) and 31(b) are used for refer- 

45 ence and show patterns that coincide with each other. 
Accordingly, it is shown that the (Sr 0 ^BaQ 14 Eu 0 02 ) 2 
(Si 0 8 Ge 0 2 )0 4 phosphor in which part of Si is substituted 
with Ge has an orthorhombic structure. Although exper- 
iments data is omitted, the (Sr 0 84 Ba 0 14 Eu 002 ) 2 

50 ( Si o.8 Ge o.2)°4 phosphor in which part of Si is substituted 
with Ge has an orthorhombic structure in the entire 
range in which the Ge substitution amount (=Ge/ 
(Si+Ge)) isOto 100 at.%. 

[0309] Next, a relationship between the composition 
55 and the emission characteristics of each silicate phos- 
phor in this example is described. The following descrip- 
tions are also about silicate phosphors each obtained 
by setting the Eu concentration (which is defined as Eu/ 
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(Sr+Ba+Ca+Eu)) at a typical value of 2 at.% and by be- 
ing fired at 1400 °C in a reducing atmosphere for two 
hours. 

[0310] FIG. 32 is a graph showing emission spectra 
°f ( Sr o.98-a3 Ba a3 Eu o.02)2 S '°4 phosphors having differ- 
ent Ba substitution amounts (a3). FIG. 33 is a graph 
showing emission spectra of (Ca b3 Sr 0 gg^BaQ 05 
Eu 0 02 ) 2 SiO 4 phosphors containing 5 at.% Ba in terms 
of substitution amount and having different Ca substitu- 
tion amounts (b3). FIG. 34 is a graph showing emission 
spectra of (Ca b3 Ba 098 . b3 Eu 0 02 ) 2 SiO 4 phosphors hav- 
ing different Ca substitution amounts (b3). FIGS. 32 
through 34 are graphs for use in reference. 
[0311] FIG. 35 is a graph showing emission spectra 
of (Ca 0 .i9 Sr o.55 Ba o.24 £u o.02)2 Sjo 4 phosphor in which 
the Ca substitution amount (b3) is 19 at.% and the Ba 
substitution amount (a3) is 24 at.%. Data shown in FIG. 
35 is obtained by combining the results measured under 
the excitation with ultraviolet radiation having a wave- 
length of 254 nm together, for convenience in experi- 
ments. 

[0312] Comparison of the emission spectra under ex- 
citation by blue light, and excitation by ultraviolet radia- 
tion with a wavelength of 254 nm shows that the emis- 
sion spectra are similar to each other, though the com- 
parison was made for only part of the samples. 
[0313] Although the excitation-light spectra of the re- 
spective silicate phosphors are not shown, it is con- 
firmed through visual observations that the inventive 
( Sr i-a3-b3-x Ba a3 Ca b3 Eu x)2 s '°4 silicate phosphor is a 
phosphor which can emit blue-green, green, yellow to 
orange light when excited by at least blue light with a 
main emission peak wavelength of 470 nm in the entire 
composition range in varying degrees and which has a 
main emission peak wavelength in the range from 505 
nm to 598 nm. 

[0314] Among the (Sr^^Ba^Ca^Eu J 2 Si0 4 sili- 
cate phosphors, a relatively high luminous efficacy is ob- 
served especially in those which contain a large propor- 
tion of Si. 

[0315] FIG. 36 is a graph showing a dependence of 
the main emission peak wavelength on the Ba substitu- 
tion amount (a3) in a (Sr 0 98 _ a3 Ba a3 Eu 0 02 ) 2 SiO 4 phos- 
phor (silicate phosphor). FIG. 53 also shows a relation- 
ship between the Ba substitution amount (a3) and the 
main emission peak wavelength in the (Sr 0 .98-a3 Ba a3 
Eu 0 .o 2 ) 2 Si0 4 phosphor. As can be seen from these 
drawings, in the range of the Ba substitution amount in 
the silicate phosphor greater than or equal to 0 at.% and 
less than 0.3 at.%, the silicate phosphor has a main 
emission peak wavelength around 535 to 545 nm and 
emits green light. On the other hand, in the Ba substitu- 
tion amount range from 0.3 at.% to 24 at.%, both inclu- 
sive, the silicate phosphor has a main emission peak 
wavelength in the yellow range from 550 nm to 600 nm, 
both inclusive, and emits yellow/yellowish light. Consid- 
ering experimental errors, effects of an impurity and the 
characteristics under special conditions such as high- 



temperature environment, for example, it is conjectured 
that the silicate phosphor in which the Ba substitution 
amount is in the range from 0 at.% to about 30 at.%, 
both inclusive, can emit yellow/yellowish light. 

5 [0316] FIG. 37 is a graph showing a dependence of 
the main emission peak wavelength of on the Ca sub- 
stitution amount (b3) in a (Ca b3 Sr 0 98 _ b3 Ba 0 05 
Eu o.02)2 s '°4 phosphor (a silicate phosphor). As shown 
in FIG. 37, in the range of the Ca substitution amount 

10 between 0 at.% and 57 at.%, both inclusive, the silicate 
phosphor has a main emission peak wavelength in the 
yellow range from 550 nm to 600 nm, both inclusive. The 
silicate phosphor in which the Ca substitution amount is 
in the range equal to or less than about 70 at.% emits 

is yellow/yellowish light. Considering, for example, exper- 
imental errors, it is conjectured that the silicate phosphor 
((Ca b3 Sr 0 93 . b3 Bao 05 Eu 0 02 ) 2 SiO 4 phosphor) in which 
the Ca substitution amount is in the range from 0 at.% 
to about 80 at.%, both inclusive, can emit yellow/yellow- 

20 ish light. 

[0317] FIG. 38 is a graph showing a dependence of 
the main emission peak wavelength on the Ca substitu- 
tion amount (b3) in a (Ca b3 Ba 0 98 ^ 3 Eu 0 >0 2)2 SiO 4 P hos_ 
phor (a silicate phosphor). As shown in FIG. 38, in the 

25 entire composition range of the (Ca b3 Bao 98 . b3 
Eu 0 .02)2 Sj O4 Phosphor, the (Ca b3 Ba 0#98 ^ 3 Euo^SiC^ 
phosphor has a main emission peak wavelength in the 
green range greater than or equal to 500 nm and less 
than 550 nm and emits not yellow/yellowish light but 

30 green/greenish light. 

[031 8] As can. be seen from the emission spectrum 
shown in FIG. 35, a (Ca 0 19 Sr 0 55 Ba 024 Eu 002 ) 2 SiO 4 
phosphor has a main emission peak wavelength in the 
yellow range from 50 nm to 600 nm, both inclusive, and 

35 emits yellow/yellowish light. 

[0319] In summary, yellow/yellowish light is obtained 
from a silicate phosphor which is limited in composition 
range, i.e., the Ba substitution amount (a3) is in the 
range 0^a3^ 0.3 and the Ca substitution amount (b3) 

40 is in the range 0^b3^0.8. It is preferable that the Ba 
substitution amount (a3) is In the range 0<a3^0.2 and 
the Ca substitution amount (b3) is in the range 
0<b3^0.7. As can be seen from FIG. 53, every silicate 
phosphor whose composition is in these ranges has an 

45 orthorhombic structure. 

[0320] FIG. 39 is a graph showing an emission spec- 
trum of a (Sr 0 ^Bao 14 Eu 0 02 ) 2 (Si 0 8 Ge 0 2 )Q 4 phosphor 
in which part of Si is substituted with Ge, for reference. 
As shown in FIG. 39, this phosphor can also emit light 

so when excited by blue light and the luminous intensity 
thereof decreases largely as the Ge substitution amount 
(=Ge/(Si+Ge)) increases. However, at least in the Ge 
substitution amount range from 20 at.% to 1 00 at.%, the 
light emitted by the phosphor is yellow-green (main 

55 emission peak wavelength : about 550 nm). 

[0321] Next, a relationship among the Eu 2+ -lumines- 
cent-center concentration (=Eu/(Sr+Ba+Ca+Eu) ; equal 
to Eu concentration), the crystal structure and the emis- 
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sion characteristics of each silicate phosphor is de- 
scribed. The following descriptions are about silicate 
phosphors each having the composition of (Sr Vx 
Eu x ) 2 Si0 4 or (Sr 0 95 . x Ba 0 05 Eu x ) 2 SiO 4 and obtained by 
being fired at 1 400 °C in a reducing atmosphere for two 
hours. 

[0322] FIG. 40 is a graph showing emission spectra 
of (Sr 1 . x Eu x ) 2 Si0 4 phosphors having mutually different 
Eu concentrations (x) for reference. FIG. 41 is a graph 
showing emission spectra of (Sr 0 ; 95 . x Ba 0 05 Eu x ) 2 SiO 4 
phosphors for reference. Data shown in FIGS. 40 and 
41 are each obtained as a result of a measurement un- 
der the excitation by ultraviolet radiation with a wave- 
length of 254 nm. Crystal structures of these phosphors 
are briefly described as follows. As a result of evaluation 
on a X-ray diffraction pattern, a (Sr.,. x Eu x ) 2 Si0 4 phos- 
phor in which at least the Eu concentration (x) is in the 
range 0^x^0.1 has a monoclinic structure. A (Sr 095 _ x 
Bao 05 Eu x ) 2 SiO 4 phosphor in which at least the Eu con- 
centration (x) is in the range 0^x^0.3 and a 
(Sr 1 . x Eu x ) 2 Si0 4 phosphor in which at least the Eu con- 
centration (x) is 0.3 have orthorhombic structures. 
[0323] FIG. 42 is a graph showing respective depend- 
ences of the main emission peak wavelengths on the 
Eu concentrations in a (Sr^Eu^SiC^ phosphor and a 
( Sr o.95- x Ba o.05 Eu x)2 Si0 4 phosphor. As shown in FIG. 
42, the crystal structures of the silicate phosphors de- 
scried above are correlated with colors of lights emitted 
therefrom. Specifically, a (Sr 1 . x Eu x ) 2 Si0 4 phosphor 
which has a monoclinic structure and in which at least 
the Eu concentration (x) is in the range 0.001^x^0.1 
has a main emission peak wavelength in the green 
range greater than or equal to 500 nm and less than 550 
nm. On the other hand, a (Sr 0 95 . x Ba 0 05 Eu x ) 2 SiO 4 phos- 
phor which has an orthorhombic structure and in which 
at least the Eu concentration (x) is in the range 
0.001^x^0.3 and a (Sr^ x Eu x ) 2 Si0 4 phosphor which 
has an orthorhombic structure and in which at least the 
Eu concentration (x) is 0.3 have main emission peak 
wavelengths in the yellow range from 550 nm to 600 nm, 
both inclusive. 

[0324] As can be seen from the experimental data, 
only orthorhombic silicate phosphors which are limited 
in composition as described above emit yellow/yellow- 
ish light observed when excited by ultraviolet radiation 
with a wavelength of 254 nm or the blue light. 
[0325] From the foregoing experimental results, prop- 
er ranges of the respective elements of a silicate phos- 
phor for achieving effects of the present invention are 
as follows. 

Ba 

[0326] Yellow light ranges between 550 nm and 600 
nm, both inclusive, in wavelength. Therefore, from FIG. 
32, it is understood that yellow wavelengths are ob- 
tained from the compound on condition that the Ba sub- 
stitution amount has a mole fraction between 0.0 and 



0.3. From the experimental results on a compound in 
which the Ba substitution amount has a mole fraction b 
of 0.24 and a compound in which the mole fraction b is 
0.43, it is easily conjectured that yellow wavelengths are 
5 also obtained using a compound in which the mole frac- 
tion b is 0.3, though the experimental result thereof is 
not shown in FIG. 32. 

[0327] FIG. 36 shows that yellow wavelengths are ob- 
tained from the compound on condition that the Ba sub- 

10 stitution amount is between 0 and 30 at.%. From the ex- 
perimental results of a compound in which the Ba sub- 
stitution amount is 24 at.% and a compound in which 
the Ba substitution amount is 43 at.%, it is readily con- 
jectured that yellow wavelengths are also obtained from 

15 a compound in which the Ba substitution amount is 30 
at.%, though the experimental result thereof is not 
shown in FIG. 36. 

Ca 

20 

[0328] FIG. 33 shows that an optimum condition for 
obtaining yellow wavelengths from the compound is that 
the Ca substitution amount has a mole fraction between 
0.0 and 0.6, From the experimental results of a com- 

25 pound in which the Ca substitution amount has a mole 
fraction of 0.57 and a compound in which the mole frac- 
tion is 0.76, it is conjectured that yellow wavelengths are 
also obtained from a compound in which the Ca substi- 
tution amount has a mole fraction of 0.7, though the ex- 

30 perimental result thereof is not shown. In addition, from 
the experimental results, it is conjectured that the emis- 
sion peak wavelength of a compound in which the Ca 
substitution amount has a mole fraction of 0.8 deviates 
from the yellow wavelength range. However, consider- 

35 ing experimental errors included, the condition for ob- 
taining yellow wavelengths from a compound is consid- 
ered that the Ca substitution amount has a mole fraction 
between 0.0 and 0.8, including 0.7 and 0.8, in addition 
to the condition that the Ca substitution amount has a 

40 mole fraction between 0.0 and 0.6. 

[0329] FIG. 37 shows that yellow wavelengths are ob- 
tained from the compound on condition that the Ca sub- 
stitution amount is between 0 and 80 at.%. From the ex- 
perimental results in the cases where the Ca substitu- 

45 tion amount is 57 at.% and where the Ca substitution 
amount is 76 at.%, it is conjectured that yellow wave- 
lengths are also obtained in the case where the Ca sub- 
stitution amount is 70 at.%, though the experimental re- 
sult thereof is not shown. The experimental result shows 

50 that the main emission peak wavelength of a compound 
in which the Ca substitution amount is 80 at.% deviates 
from the yellow wavelength range, but the Ca substitu- 
tion amount of 80 at.% is also included in the optimum 
conditions, considering experimental errors. 

55 

Sr 

[0330] FIGS. 34 and 38 show that compounds con- 
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taining no Sr do not emit yellow light. 
Crystal structure 

[0331 ] FIG. 42 shows that a compound having a mon- 
oclinic structure does not achieve a yellow wavelength, 
irrespective of the Eu substitution amount, whereas a 
compound having an orthorhombic structure achieves 
a yellow wavelength, irrespective of the Eu substitution 
amount. 

Eu 

[0332] FIG. 43 shows that a composition having an 
orthorhombic structure achieves a yellow wavelength, 
irrespective of the Eu substitution amount, and that the 
Eu substitution amount is preferably 1 0 % or less in con- 
sideration of the emission peak height. 
[0333] FIG. 43 shows a relationship between the Eu 
concentration and a luminous intensity (main emission 
peak intensity (height)). The luminous intensities of the 
(Sr^ x Eu x ) 2 SiQ 4 and (Sr 0 95 . x Ba 0 05 Eu x ) 2 SiO 4 phos- 
phors exhibit the same tendency to increase as the Eu 
concentration increases, and to gradually decrease af- 
ter the luminous intensity has reached the maximum val- 
ue around the Eu concentration of 1 to 1.5 at.%. For 
such aspects as the luminous intensity, the shape of an 
emission spectrum and the chromaticity, the Eu concen- 
tration (mole fraction x) is preferably in the range 
0.005<x^0.1, more preferably in the range 
0.01<x^0.05 and most preferably in the range 
0.01 <x^0.02, as shown in FIGS. 43, 41 and 53. 
[0334] Now, a Sr 2 Si0 4 : Eu 2+ silicate phosphor and a 
(BaSr) 2 Si0 4 : Eu 2+ phosphor recited as green phos- 
phors in Japanese Laid-Open Publication No. 
2001 -1 43869 and herein mentioned as prior art are de- 
scribed 

[0335] As has been described using the experimental 
data, so far as experiments done by the present inven- 
tors are concerned, the Sr 2 Si0 4 : Eu 2+ silicate phosphor 
is a phosphor which can be in two crystal structures of 
an orthorhombic system and a monoclinic system, de- 
pending on an impurity such as Ba contained in trace 
amounts. At least as far as the amount of addition of 
Eu 2+ luminescent centers practically used (== the 
number of Eu atoms/ (the number of Sr atoms + the 
number of Eu atoms : x) is in the range 0.01 <x< 0.05 at 
room temperature and atmospheric pressure, an or- 
thorhombic Sr 2 Si0 4 : Eu 2+ (a'-Sr 2 Si0 4 : Eu 2 +) is a yel- 
low/yellowish phosphor emitting yellow/yellowish light at 
a main emission peak around the wavelength between 
560 and 575 nm, and a monoclinic Sr 2 Si0 4 : Eu 2+ (P*- 
Sr 2 Si0 4 : Eu 2+ ) is a green phosphor emitting green light 
at a main emission peak around the wavelength be- 
tween 535 and 545 nm (see FIGS. 42 and 53). 
[0336] Experiments done by the present inventors al- 
so show that the main emission peak wavelength hardly 
varies if the Eu mole fraction (=Eu/(Sr+Eu) atomic per- 



cent) is in the practical range from 0.001 to 0.3, both 
inclusive (i.e., the range from 0.1 at.% to 30 at.%, both 
inclusive), especially in the range from 0.003 to 0.03, 
both inclusive. Therefore, the Sr 2 Si0 4 : Eu 2+ green 
5 phosphor recited in Japanese Laid-Open Publication 
No. 2001-143869 can be considered a monoclinic 
Sr 2 Si0 4 : Eu 2+ phosphor. 

[0337] It is already publicly known that the crystal 
structure of a Sr 2 Si0 4 compound can be in an or- 

10 thorhombic system or a monoclinic system depending 
on a small amount of Ba contained (e.g., in G. PIEPER 
et al., Journal of the American Ceramic Society, Vol. 55, 
No. 12 (1972) pp. 619-622). It is also known that the 
crystal structure of a monoclinic Sr 2 Si0 4 compound un- 

*5 dergoes a reversible change into an orthorhombic sys- 
tem at about 383 K (see, for example, M. Catti et al., 
Acta Cryst., B39 (1983) pp. 674-679). 
[0338] A compound in which the content percentage 
of Ba impurity atoms with respect to Sr atoms (Ba/ 

20 (Sr+Ba) atomic percent, hereinafter referred to as Ba 
content) is about 1% or more, i.e., a compound having 
a Ba content higher than that of a (Sr 0 99 Ba 0 01 ) 2 SiO 4 : 
Eu 2+ , has an orthorhombic structure and has a main 
emission peak wavelength varying from around 575 nm 

25 to around 505 nm as the Ba content increases (see 
FIGS. 32, 36 and 53). As can be seen from FIGS. 32, 
36 and 53, among the silicate phosphors containing a 
component expressed by the chemical formula 
(^ r o.98-a3^ a a3^ u o.02)2^'0 4 a as a main component 

30 (where the value a3 is in the range 0^a3^0.98), a 
( Sr o.98-a3 Ba a3 Eu o.o2)2^ j0 4 silicate phosphor having the 
composition range 0.01^a3^0.3 is a yellow/yellowish 
phosphor having a main emission peak in the wave- 
length range from 550 nm to 600 nm, both inclusive, and 

35 a silicate phosphor having the composition range 
0.3<a3^0.98 is a green/greenish phosphor having a 
main emission peak in the wavelength range greater 
than or equal to 505 nm and less than 550 nm, consid- 
ering measurement errors in the experiments, for exam- 

40 pie. 

[0339] Another experiment done by the present in- 
ventors shows that the main emission peak wavelength 
hardly varies so long as the Eu concentration has a prac- 
tical mole fraction in terms of luminous intensity, i.e., is 

45 jn the range from 0.001 to 0.3, both inclusive, especially 
in the range from 0.003 to 0.03, both inclusive. There- 
fore, the (BaSr) 2 Si0 4 : Eu 2+ green phosphor recited in 
Japanese Laid-Open Publication No. 2001-143869 can 
be considered a (Sr^* Ba a3 Eu x ) 2 Si0 4 silicate phos- 

50 phor (where the value x is in the range 0.001 ^x^0.3) 
having at least the composition range 0.3<a3^0.98. 
[0340] Lastly, comparison results in emission charac- 
teristics between a silicate phosphor ((Ca 0015 Sr 092 
Ba 0 05 Eu 0 015 ) 2 SiO 4 phosphor which has an orthorhom- 

55 bic structure and emits yellow/yellowish light and in " 
which the. Eu concentration is optimized, and a YAG- 
based phosphor ((Y a7 Gd 02 QCe 002 )3AI 5 O 12 ), are de- 
scribed. 



75 



EP 1 367 655 A1 



76 



— Luminance characteristic comparison between YAG- 
based phosphor and silicate phosphor— 

[0341] First, the difference in luminance characteristic 
between a light-emitting semiconductor device using a 
YAG-based phosphor and a light-emitting semiconduc- 
tor device using a silicate phosphor is described. 
[0342] FIG. 54 is a table showing experimental data 
on luminance characteristics for a light-emitting semi- 
conductor device using a YAG-based phosphor and a 
light-emitting semiconductor device using a silicate 
phosphor. FIG. 54 refers to the type, weight percentage, 
. luminance, total luminous flux, total radiant flux and 
chromaticity for each main phosphor material. 
[0343] FIG. 54 shows that weight percentages 
enough to obtain yellow/yellowish light are slighter in the 
YAG-based phosphors (samples D and E) than in the 
silicate phosphors (the other samples), Specifically, in 
obtaining light around the chromaticity (0.35, 0.35), the 
YAG-based phosphors have phosphor weight percent- 
ages of 7.4% (sample D) and 9.8 % (sample E), where- 
as samples A, B and C using silicate phosphors have 
phosphor weight percentage of about 50 % and exhibit 
no decreased luminous flux. These facts show that in 
the YAG-based phosphors, the conversion efficiency for 
converting blue light between 41 0 nm and 530 nm, both 
inclusive, emitted by a blue LED into yellow/yellowish 
light between 550 nm and 600 nm, both inclusive, is low- 
er than that in the silicate phosphors. That is to say, the 
conversion efficiency is high in the YAG-based phos- 
phors, and only a small amount of phosphor is used in 
a luminescent layer to obtain yellow light with an appro- 
priate intensity. As a result, it is considered that phos- 
phor particles are liable to disperse unevenly in a base 
material. On the other hand, in the case of the silicate 
phosphors, a larger amount of phosphor is used in a 
light-emitting semiconductor device, and a substantially 
thick luminescent layer is formed in the light-emitting 
semiconductor device. As a result, it is considered that 
the thixotropy of the phosphor paste improves (i.e., the 
thixotropy index falls within a proper range), so that 
phosphor particles are less liable to disperse unevenly 
in a base material for the luminescent layer as well as 
the phosphor particles are kept to be dispersed and 
scattered evenly, resulting in that the occurrence of color 
unevenness is suppressed. 

[0344] Then, weight percentages of the silicate phos- 
phors are varied using samples F, G, H, I, J and K so 
as to measure effects on variations in luminance, chro- 
maticity, total luminous flux and total radiant flux. 
[0345] FIG. 44 is a graph showing a relationship be- 
tween the phosphor concentration and the luminance. 
FIG. 45 is a graph showing a relationship between the 
phosphor concentration and the total luminous flux. FIG. 
46 is a graph showing a relationship between the phos- 
phor concentration and the total radiant flux. FIG. 47 is 
a graph showing a relationship between the phosphor 
concentration and the chromaticity (value x). FIGS. 44 



through 47 are graphs showing respective results based 
on data shown in FIG. 54. FIGS. 44 through 47 show 
measurement values in the cases where the phosphor 
is 30 wt.%, 40 wt.% and 50 wt.%, respectively. As the 
5 weight percentage of the phosphor increases, the lumi- 
nance, total luminous flux and total radiant flux tend to 
decrease. On the other hand, as the weight percentage 
of the phosphor increases, the chromaticity (value x) in- 
creases so that the luminescent tends to be yellower. 
10 Therefore, it can be said that the weight percentage of 
the phosphor is preferably 30 % or higher. In addition, 
the weight percentage of the phosphor is more prefera- 
bly in the range from 30 % to 50 %, both inclusive. 



[0346] Now, described are effects obtained in the 
case where an ultra-fine-powdery silicon dioxide such 
as an ultra-fine-powdery silica (product name: "Aerosil" 
20 produced by Degussa Co., Ltd. (Germany)) is intro- 
duced, as a thixotropy improver (which is herein an 
agent having a function of improving a thixotropy index), 
in a silicate phosphor for a light-emitting semiconductor 
device. 

25 [0347] FIG. 55 is a table showing respective charac- 
teristics of samples in which ultra-fine-powdery silicon 
dioxide such as ultra-fine-powdery silica is introduced, 
as a thixotropy improver, in a silicate phosphor for a 
light-emitting semiconductor device. 

30 [0348] Data shown in FIG. 55 is obtained as results 
of experiments using three samples of: sample 1 con- 
taining only a 30 wt.% silicate phosphor; sample 2 con- 
taining an about 30 wt.% silicate phosphor and having 
an Aerosil concentration of 0.57 %; and sample 3 con- 

35 taining an about 30 wt.% silicate phosphor and having 
an Aerosil concentration of 1 .11 %. FIG. 55 shows re- 
sults on the luminance, total luminous flux and total ra- 
diant flux for the respective samples in the case where 
the chromaticity (x, y) is around (0.3, 0.3). From the com- 

40 parison between sample 2 and sample 3, it is shown 
that as the Aerosil concentration increases, the lumi- 
nance improves as well as the luminous flux and the ra- 
diant flux increase. 

[0349] The respective standard deviations of the lu- 
45 minance, chromaticity (value x), total luminous flux, total 
radiant flux for each of the samples are shown. The 
standard deviations of ail the items for sample 3 are the 
smallest among the three samples, and therefore sam- 
ple 3 is the most reliable. Although the values of the 
50 chromaticities differ to some degree among the samples 
and therefore the data therefor is used only as a refer- 
ence, the luminance, luminous flux and radiant flux for 
sample 1 are high but the standard deviation of the chro- 
maticity for sample 1 is the highest among the three 
55 samples, and thus it can be understood that the reliabil- 
ity of sample 1 is low. 

[0350] From the foregoing, itisconjecturedthatasthe 
amount of Aerosil to be added increases, the luminance, 
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luminous flux and radiant flux increase as well as the 
reliability improves This is because the thixotropy of the 
silicate phosphor paste is enhanced with Aerosil and 
therefore the viscosity of the phosphor paste is appro- 
priately set. Specifically, while the silicate phosphor 
paste is introduced in the light-emitting semiconductor 
device, potting is smoothly performed with the viscosity 
kept appropriate, so that the silicate phosphor particles 
disperse relatively evenly in the phosphor paste. After 
the paste is placed in a cavity in the light-emitting device, 
the viscosity thereof shifts to higher levels than during 
the potting, thus keeping the state in which the silicate 
phosphor particles do not sediment but disperse rela- 
tively evenly in a base material. In this manner, the color 
unevenness as observed in YAG-based phosphors is 
suppressed, resulting in improvement in the luminance, 
luminous flux and reliability. 

EMBODIMENT 3 

[0351] In this embodiment, a method for forming athin 
luminescent layer is described. According to this em- 
bodiment, yellow/yellowish phosphor particles which 
are expressed by the chemical formula (Sr 1 . a1 . b1 . x Ba a1 
Ca b1 Eu x ) 2 Si0 4 where the values a1 , b1 and x are in the 
ranges 0^a1^0.3, 0^b1^0.8 (more preferably 
0^b1^0.6) and 0<x<1, respectively, and which emit 
light having an emission peak in the wavelength range 
from 550 nm to 600 nm, both inclusive, are densely dis- 
tributed near a light-emitting diode, so that a lumines- 
cent layer is made thin, i.e., the thickness through which 
light passes is reduced, thereby reducing attenuation of 
light. For example, this embodiment is for a method for 
fabricating a light-emitting semiconductor device in 
which a luminescent layer has a substantial thickness 
in the range from 50 u,m to 1000 ujti, both inclusive, 
where a light extraction surface of a blue-light-emitting 
device is located. 

[0352] Hereinafter, examples of the fabrication meth- 
od will be described. 

— First exemplary fabrication method— 

[0353] FIGS. 50(a) through 50(c) are cross-sectional 
views showing respective process steps in a first exem- 
plary fabrication method according to this embodiment. 
[0354] First, in a process step shown in FIG. 50(a), a 
substrate 303 and a light-emitting diode 302 (e.g., a blue 
LED) mounted on the substrate 303 are placed within a 
cavity of a mold 301 . Then, a first phosphor paste 307 
including, as main components, a base material 310 of 
a translucent resin and phosphor particles 311 contain- 
ing a yellow/yellowish phosphor is poured into the mold 

301 from a vessel 305. In this case, the phosphor paste 
307 is poured to a level higher than the upper surface 
of the light-emitting diode 302. The light-emitting diode 

302 has a main light extracting surface, which is a sur- 
face facing upward in FIG. 50(a). 



[0355] Next, in a process step shown in FIG. 50(b), a 
second phosphor paste 308 containing phosphor parti- 
cles 311 at a lower concentration than that in the first 
phosphor paste 307 is poured into the mold 301 from a 
5 vessel 306. 

[0356] Then, in a process step shown in FIG. 50(c), 
the resin is cured so that the phosphor particles 31 1 are 
densely distributed in a portion of the base material 310 
near the light-emitting diode 302, especially in a portion 
10 located over the main light extracting surface, whereas 
the phosphor particles 31 1 are sparsely dispersed in the 
base material 320 located apart from the light-emitting 
diode 302. Thereafter, the resultant light-emitting semi- 
conductor device is taken out from the mold 301 . 
*5 [0357] In this manner, it is possible to fabricate a 
white-light-emitting semiconductor device in which the 
phosphor particles 311 are densely distributed in a por- 
tion of the base material 310 located at least over the 
main light extracting surface of the light-emitting diode 
302 and which exhibits small color unevenness. If such 
a light-emitting semiconductor device is installed in any 
of the light-emitting systems shown in FIGS. 4 through 
6, a white-light-emitting system in which color uneven- 
ness is suppressed can be fabricated. 

— Second exemplary fabrication method— 

[0358] FIGS. 51 (a) through 51 (c) are cross-sectional 
views showing respective process steps in a second ex- 
emplary fabrication method according to this embodi- 
ment. 

[0359] First, in a process step shown in FIG. 51(a), a 
substrate 403 and a light-emitting diode 402 (e.g. , a blue 
LED) mounted on the substrate 403 are placed within a 
cavity of a mold 401 . Then, phosphor particles 41 1 con- 
taining a yellow/yellowish phosphor are sprinkled on the 
vicinity of the light-emitting diode 402 in the mold 401 , 
especially on a main light extracting surface of the diode 
402. The main light extracting surface of the light-emit- 
ting diode 402 Is a surface facing upward as shown in 
FIG. 51(a). 

[0360] Next, in a process step shown in FIG. 51(b), a 
phosphor paste 408 including, as main components, a 
base material 410 of a translucent resin and a small 
amount of phosphor particles 411 containing a yellow/ 
yellowish phosphor is poured into the mold 401 from a 
vessel 405. 

[0361] Then, in a process step shown in FIG. 51(c), 
the resin is cured so that the phosphor particles 411 are 
densely distributed in a portion of the base material 410 
near the light-emitting diode 402, especially in a portion 
located over the main light extracting surface, whereas 
the phosphor particles 411 are sparsely dispersed in a 
portion of the base material 410 apart from the light- 
emitting diode 402. Thereafter, the resultant light-emit- 
ting semiconductor device is taken out from the mold 
401. 

[0362] In this manner, it is possible to fabricate a light- 
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emitting semiconductor device in which the phosphor 
particles 411 are densely distributed in a portion of the 
base material 410 located at least over the main light 
extracting surface of the light-emitting diode 402 and 
which exhibits small color unevenness. If such a light- 
emitting semiconductor device is installed in any of the 
light-emitting systems shown in FIGS. 4 through 6, a 
light-emitting system with small color unevenness can 
be fabricated. 

—Third exemplary fabrication method— 

[0363] FIGS. 52(a) through 52(d) are cross-sectional 
views showing respective process steps in a third ex- 
emplary fabrication method according to this embodi- 
ment. 

[0364] First, in a process step shown in FIG. 52(a), a 
substrate 503 and a light-emitting diode 502 (e.g., a blue 
LED) mounted on the substrate 503 are placed within a 
cavity of a mold 501 . Then, a suspension 507 contain- 
ing, as main components, a volatile solvent 510 and 
phosphor particles 511 including a yellow/yellowish 
phosphor is poured into the mold 501 from a vessel 505. 
In this case, the suspension 507 is poured to a level 
higher than the upper surface of the light-emitting diode 
502. The light-emitting diode 502 has a main light ex- 
tracting surface, which is a surface facing upward as 
shown in FIG. 52(a). 

[0365] Next, in a process step shown in FIG. 52(b), 
the volatile solvent 510 in the suspension 507 is evap- 
orated by heating or pressure reduction. 
[0366] Then, in a process step shown in FIG. 52(c), 
a phosphor paste 508 including, as main components, 
a base material 512 of a translucent resin and a small 
amount of phosphor particles 511 containing a yellow/ 
yellowish phosphor is poured into the mold 501 from a 
vessel 506. 

[0367] Then, in a process step shown in FIG. 50(d), 
the resin is cured so that the phosphor particles 51 1 are 
densely distributed in a portion of the base material 512 
near the light-emitting diode 502, especially in a portion 
located over the main light extracting surface, whereas 
the phosphor particles 511 are sparsely dispersed in a 
portion of the base material 512 located apart from the 
light-emitting diode 502. Thereafter, the resultant light- 
emitting semiconductor device is taken out from the 
mold 501. 

[0368] In this manner, it is possible to fabricate a 
white-light-emitting semiconductor device in which the 
phosphor particles 511 are densely distributed in a por- 
tion of the base material 51 2 located at least over the 
main light extracting surface of the light-emitting diode 
502 and which exhibits small color unevenness. If such 
a iight-emitting semiconductor device is installed in any 
of the light-emitting systems shown in FIGS. 4 through 
6, a white-light-emitting system with small color uneven- 
ness can be fabricated. 



(Fourth exemplary fabrication method) 

[0369] The difference in specific gravity between the 
phosphor and a base material is considered a cause of 

5 sedimentation of a YAG-based phosphor. The fact that 
the YAG-based phosphor is positively charged is also 
considered another cause of the sedimentation. Specif- 
ically, if a resin as the base material is positively 
charged, as is the YAG-based phosphor, the resin and 

10 the YAG-based phosphor repel each other in general, 
so that the YAG-based phosphor sediments. 
[0370] On the other hand, considering the factthat sil- 
icate phosphor particles containing a compound ex- 
pressed by (Sr 1 . a1 ^ 1 . x Ba a1 Ca b1 Eu x ) 2 Si0 4 as a main 

15 component does not sediment in the same resin, and 
considering the relationship between the electrification 
and the sedimentation, the attracting relationship be- 
tween the positively charged resin and the negatively 
charged silicate phosphor particles presumably contrib- 

20 utes to substantially even distribution of the silicate 
phosphor particles in the resin. Examples of such resins 
to be positively charged include an epoxy resin and a 
silicone resin. 

[0371] In view of this, means for sedimenting the sili- 
25 cate phosphor may be a method for coating the phos- 
phor particles with, for example, an oxide to be positively 
charged. 

[0372] Examples of the method for coating the sur- 
face of the phosphor with an oxide or a fluoride include 

30 the following methods. First, suspensions including 
phosphor particles and coating particles of a needed ox- 
ide or fluoride are mixed and agitated, and then subject- 
ed to suction filtration. Thereafter, the substance re- 
maining after the filtration is dried at 125 °C or higher 

35 and then is fired at 350 °C. In order to improve the ad- 
herability between the phosphor particles and the oxide 
or fluoride, a small amount of a resin, an organic silane 
or a liquid glass may be added. 
[0373] To apply the coating, a method utilizing the hy- 

40 drolysis of an organic metal compound may also be 
used. For example, if an Al 2 0 3 film is to be formed, Al 
(OC 2 H 5 ) 3 which is aluminum alkoxide, is used for a 
phosphor and is mixed and agitated in an alcohol solu- 
tion, thereby applying Al 2 0 3 to the surface of the phos- 

45 phor 

[0374] If the amount of positively charged oxide orflu- 
oride coating which is applied to the surfaces of the 
phosphor particles is too small, only a small effect is 
achieved, whereas if the amount thereof is too large, the 

so coating absorbs light emitted so that the luminance de- 
creases and therefore such a large amount of the coat- 
ing is also unfavorable. As a result of experiments, it is 
found that the amount is preferably in the range from 
0.05% to 2.0% of the phosphor particles in weight. 

55 [0375] In this manner, it is possible to fabricate a. v 
white-light-emitting semiconductor device in which 
phosphor particles are densely distributed in a portion 
of a base material located at least over a main light ex- 



81 



EP 1 367 655 A1 



82 



tracting surface of a light-emitting diode and which ex- 
hibits small color unevenness. If such a light-emitting 
semiconductor device is installed in any of the light-emit- 
ting systems shown in FIGS. 4 through 6, a white-light- 
emitting system with small the color unevenness can be 
fabricated. 

[0376] According to the fabrication method of the third 
embodiment, it is possible to obtain a light-emitting sem- 
iconductor device in which a luminescent layer has a 
substantial thickness in the range from 50 u.m to 1000 
ujti, both inclusive, where a light extraction surface of a 
blue-light-emitting device is located. 

OTHER EMBODIMENTS 

[0377] In the foregoing embodiments, a single blue 
LED is provided as a blue-light-emitting device in a light- 
emitting semiconductor device. However, the inventive 
light-emitting semiconductor device is not limited to 
these embodiments. 

[0378] FIG. 56 is a cross-sectional view showing a 
structure of a light-emitting semiconductor device in- 
cluding a plurality of blue LEDs. As shown in FIG. 56, 
the light-emitting semiconductor device includes: a plu- 
rality of blue LEDs 601 arranged on a substrate 604; 
and a luminescent layer 603 covering respective main 
light extracting surfaces (upper surfaces in the state 
shown in FIG. 56) of the blue LEDs 601. The lumines- 
cent layer 603 includes: phosphor particles 602 of a yel- 
low/yellowish phosphor having the composition de- 
scribed in each of the embodiments; and a resin 613 
serving as a base material in which the phosphor parti- 
cles 602 are dispersed. The resin 613 may be made of 
any of the materials described in the embodiments. A 
Zener diode may be mounted on the substrate 604. 
[0379] With this structure, it is possible to improve the 
luminous intensity of the white-light-emitting semicon- 
ductor device, or adjust the luminous intensity depend- 
ing on the number of the mounted blue LEDs 601. 
[0380] In the embodiment of the light-emitting system, 
the example in which a large number of light-emitting 
semiconductor devices each including one blue LED 
and one luminescent layer is described. However, the 
inventive light-emitting system is not limited to the em- 
bodiment. 

[0381] FIG. 57 is a cross-sectional view showing a 
structure of a light-emitting system including a large 
number of blue LEDs and a single luminescent layer. As 
shown in FIG. 57, the light-emitting system includes: a 
large number of blue LEDs 651 (blue-light-emitting de- 
vices) supported by a supporter 654; and a single lumi- 
nescent layer 653 provided on the entire surfaces of the 
blue LEDs 651 . The luminescent Iayer653 includes: two 
glass substrates; a resin 663 as a base material filled in 
a gap between the two glass substrates; and phosphor 
particles 652 dispersed in the resin 663. The periphery 
of the luminescent layer 653 is supported by the sup- 
porter 654. The phosphor particles 652 are constituted 



by a yellow/yellowish phosphor having the composition 
described in the embodiments. The resin 613 may be 
made any of the materials described in the embodi- 
ments. 

5 [0382] In the structure shown in FIG. 57, the single 
luminescent layer 653 is sufficient for the large number 
of blue LEDs 651 . Therefore, the fabrication cost is re- 
duced and the fabrication process is simplified. 

10 INDUSTRIAL APPLICABILITY 

[0383] With respect to the inventive light-emitting 
semiconductor device, various kinds of displaying sys- 
tems (e.g., LED information display terminals, LEDtraf- 

*5 fic lights, LED stoplights of vehicles, and LED directional 
lights) and various kinds of lighting systems (e.g., LED 
interior/exterior lights, courtesy LED lights, LED emer- 
gency lights, and LED surface emitting sources) are de- 
fined broadly as light-emitting systems. In particular, the 

20 inventive light-emitting semiconductor device is suitable 
for systems utilizing white light. 

Claims 

25 

1. A light-emitting semiconductor device, character- 
ized by comprising: 

a blue-light-emitting device having a light-ex- 
30 tracting surface and emitting blue light from the 

light-extracting surface; and 
a luminescent layer provided to cover at least 
the light-extracting surface of the blue-light- 
emitting device and including a yellow/yellow- 
35 ish phosphor which absorbs blue light emitted 

by the blue-light-emitting device to emit a yel- 
low/yellowish fluorescence, 

wherein theyellow/yellowish phosphor is a sil- 
icate phosphor containing, as a main component, 
at least one type of a compound expressed by the 
chemical formula: 

45 ( Sr 1-a1-b1-x Ba a1 Ca b1 Eu x)2 S '°4 

(where 0^a1^0.3, 0^b1^0.8 and 0<x<1). 

2. The light-emitting semiconductor device of claim 1 , 
so characterized in that the blue-light-emitting device 

is a device selected from the group consisting of a 
blue-light-emitting diode, a laser diode, a surface 
emitting laser diode, an inorganic electrolumines- 
cence device and an organic electroluminescence 
55 device. 

3. The light-emitting semiconductor device of claim 1 , 
characterized in that the Ca mole fraction b1 of 
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the yellow/yellowish phosphor is a mole fraction b2 
in the range 0^b2 ^0.6. 

4. The light-emitting semiconductor device of any one 
of claims 1 to 3, characterized in that the blue- 
light-emitting device emits light having a main emis- 
sion peak in the wavelength range greater than 430 
nm and less than or equal to 500 nm. 

5. The light-emitting semiconductor device of claim 4, 
characterized in that the yellow/yellowish phos- 
phor emits a fluorescence having a main emission 
peak in the wavelength range from 550 nm to 600 
nm, both inclusive. 

6. The light-emitting semiconductor device of any one 
of claims 1 to 5, characterized in that the silicate 
phosphor has an orthorhombic structure. 

7. The light-emitting semiconductor device of claim 6, 
characterized in that the blue-light-emitting device 
is a blue-light-emitting inorganic device made of a 
semiconductor selected from the group consisting 
of a gallium nitride-based compound semiconduc- 
tor, a zinc selenide semiconductor and a zinc oxide 
semiconductor. 

8. The light-emitting semiconductor device of claim 7, 
characterized in that the color of light emitted by 
the light-emitting semiconductor device has an 
emission chromatically point (x, y) in the ranges 
0.21^x^0.48 and 0.19^y^0.45, respectively, in a 
CIE chromaticity diagram. 

9. The light-emitting semiconductor device of any one 
of claims 1 to 8, characterized in that the lumines- 
cent layer further includes a red/reddish phosphor 
having a main emission peak in the red/reddish 
wavelength range greater than 600 nm and less 
than or equal to 660 nm. 

10. The light-emitting semiconductor device of claim 9, 
characterized in that the luminescent layer further 
includes a green/greenish phosphor having a main 
emission peak in the green/greenish wavelength 
range greater than or equal to 500 nm and less than 
550 nm. 

11. The light-emitting semiconductor device of claim 
1 0, characterized in that the green/greenish phos- 
phor is a silicate phosphor containing, as a main 
component, a compound expressed by the chemi- 
cal formula: 

( S ri-a3-b3-x Ba a3 C ab3EU x ) 2 S0 4 

(where 0^a3^1, 0^b3^1 and 0<x<1). 



12. The light-emitting semiconductor device of claim 8, 
characterized in that the silicate phosphor is made 
of a plurality of compounds mutually differing in 
composition and each emitting yellow/yellowish 

5 light having a main emission peak in the wavelength 
range from 550 nm to 600 nm, both inclusive. 

13. The light-emitting semiconductor device of any one 
of claims 1 to 12, characterized in that: 

10 

the luminescent layer includes a translucent 
resin gs a base material; and 
the yellow/yellowish phosphor is present in the 
form of dispersed particles in the base material. 

15 

14. The light-emitting semiconductor device of any one 
of claims 1 to 12, characterized in that the lumi- 
nescent layer is made by forming the silicate phos- 
phor. 

20 

15. The light-emitting semiconductor device of any one 
of claims 1 to 14, characterized by having a struc- 
ture in which blue light emitted by the blue-light- 
emitting device passes through the luminescent 

25 layer so that the color of the fluorescence emitted 
by the phosphor is added to the color of the blue 
light, thereby producing white light. 

16. The light-emitting semiconductor device of any one 
30 of claims 1 to 15, characterized by further including 

a substrate, 

wherein the blue-light-emitting device is flip- 
chip mounted on the substrate, and 

wherein the luminescent layer functions as a 
35 molding resin for molding the blue-light-emitting de- 
vice. 

17. The light-emitting semiconductor device of claim 
1 6, characterized in that the substrate includes a 

40 Zener diode. 

18. The light-emitting semiconductor device of any one 
of claims 1 to 15, characterized by further including 
a mount lead with a cup, 

45 wherein the blue-light-emitting device is 

mounted in the cup, and 

wherein the luminescent layer is provided 
within the cup. 

50 19. The light-emitting semiconductor device of any one 
of claims 1 to 15, characterized by further including 
a casing for placing the blue-light-emitting device 
therein, 

wherein the luminescent layer is provided 
ss within the casing. 

20. The light-emitting semiconductor device of any one 
of claims 1 to 19, characterized in that the lumi- 
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nescent layer has a substantial thickness in the 
range from 50 \im to 1000 \xm, both inclusive, where 
the light extraction surface of the blue-light-emitting 
device is located. 

5 

21. The light-emitting semiconductor device of claim 
20, characterized in that the upper surface of a 
portion of the luminescent layer located at least on 
the light-extracting surface of the blue-light-emitting 
device is flat and substantially parallel to the light- 10 
extracting surface. 

22. The light-emitting semiconductor device of any one 
of claims 1 to 21 , characterized in that: 



( Sr i-ai-bi-x Ba aiCa b1 Eu x ) 2 SI0 4 
(where 0^a1 ^0.3, 0^b1 ^0.8 and 0<x<1 ). 



15 



20 



the blue-light-emitting device is provided in a 
plural presence; and 

the luminescent layer is provided to cover re- 
spective light-emitting surfaces of the plurality 
of blue-light-emitting devices. 

23. A light-emitting system, characterized by compris- 
ing: 



a blue-light-emitting device emitting blue light; 25 
a luminescent layer including a yellow/yellow- 
ish phosphor which absorbs blue light emitted 
by the blue-light-emitting device to emit a yef- 
low/yellowish fluorescence; and 
a supporter for supporting the blue-light-emit- 30 
ting device and the luminescent layer, 

wherein the yellow/yeilowish phosphor is a sil- 
icate phosphor containing, as a main component, 
at least one type of a compound expressed by the 35 
chemical formula: 



27. The light-emitting system of any one of claims 23 to 
26, characterized in that the luminescent layer fur- 
ther includes a green/greenish phosphor having a 
main emission peak in the green/greenish wave- 
length range greater than or equal to 500 nm and 
less than 550 nm. 

28. The light-emitting system of claim 27, character- 
ized in that the green/greenish phosphor is a sili- 
cate phosphor containing, as a main component, a 
compound expressed by the chemical formula: 

( Sr 1.a3-b3.x Ba a3 Ca b3 Eu x)2 Si °4 

(where 0=la3^1 , 0^b3^1 and 0<x<1). 

29. The light-emitting system of any one of claims 23 to 
28, characterized by further including a substrate 
member, 

wherein the blue-light-emitting device is flip- 
chip mounted on the substrate member, and 

wherein the luminescent layer functions as a 
molding resin for molding the blue-light-emitting de- 
vice. 



30 



31 



32 



40 



24. The light-emitting system of claim 23, character- 
ized in that the blue-light-emitting device is a blue- 
light-emitting diode or a surface emitting laser di- 45 
ode. 

25. The light-emitting system of claim 23, character- 
ized in that the Ca mole fraction b1 of the yellow/ 
yellowish phosphor is a mole fraction b2 in the so 
range 0^b2^ 0.6. 

26. The light-emitting system of any one of claims 23 to 
25, characterized in thatthe luminescent layerfur- 
ther includes a red/reddish phosphor having a main 55 
emission peak in the red/reddish wavelength range 
greater than 600 nm and less than or equal to 660 
nm. 



The light-emitting system of claim 29, character- 
ized in that the substrate member includes a Zener 
diode. 

The light-emitting system of any one of claims 23 to 
28, characterized by further including a mount lead 
with a cup, 

wherein the blue-light-emitting device is 
mounted in the cup, and 

wherein the luminescent layer is provided 
within the cup. 

The light-emitting system of any one of claims 23 to 
27, characterized by further including a casing for 
placing the blue-light-emitting device therein, 

wherein the luminescent layer is provided 
within the casing. 



33. The light-emitting system of any one of claims 23 to 
31, characterized in that: 

the blue-light-emitting device is provided in a 
plural presence; and 

the luminescent layer is provided to cover re- 
spective light-emitting surfaces of the plurality 
of blue-light-emitting devices. 

34. A method for fabricating a light-emitting semicon- 
ductor device including: a blue-light-emitting device 
emitting light having a main emission peak in the 
wavelength range greater than 430 nm and less 
than or equal to 500 nm; and a luminescent layer 
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including a yellow/yellowish phosphor which ab- 
sorbs blue light emitted by the blue-light-emitting 
device to emit a fluorescence having a main emis- 
sion peak in the wavelength range from 550 nm to 
600 nm, both inclusive, 5 

the method being characterized by compris- 
ing the steps of: 



light-emitting device with a phosphor paste in- 
cluding a resin and phosphor particles; and 
b) curing the phosphor paste while applying a 
vibration to the phosphor paste. 

39. A method for fabricating a light-emitting semicon- 
ductor device, comprising the steps of: 



a) covering at least a light-extracting surface of 
the blue-light-emitting device with a phosphor 
paste including the yellow/yellowish phosphor 
which has an absolute specific gravity in the 
range from 3.0 to 4.65, both inclusive, and 
emits light having a main emission peak in the 
wavelength range from 560 nm to 600 nm, both 
inclusive, at room temperature, and with a resin 
which has an absolute specific gravity in the 
range greater than or equal to 0.8 and less than 
or equal to the absolute value of the yellow/yel- 
lowish phosphor; and 

b) curing the phosphor paste, thereby forming 
the luminescent layer, 

wherein in the step a), a phosphor including, 
as a base material, a compound containing at least 
one element selected from the group consisting of 
Mg, Ca, Sr, Ba, Sc, Y, lanthanoid, Ti, Zr, Hf, V, Nb, 
Ta, Mo, W, Zn, B, Al, Ga, In, Si, Ge, Sn and P and 
at least one element selected from the group con- 
sisting of O, S, Se , F, CI and Br is used as the yellow/ 
yellowish phosphor. 

35. The method of claim 34, characterized in that in 
the step a), a yellow/yellowish phosphor having a 
particle size in the range from 0.5 )im to 30 ujti, both 
inclusive, is used as the yellow/yellowish phosphor. 

36. The method of claim 34 or 35, characterized in 
that in the step a), a silicate phosphor containing, 
as a main component, at least one type of a com- 
pound expressed by the chemical formula 

( Sr i.ai^i-x Ba aiCa b1 Eu x ) 2 Si0 4 

(where 0^a1 ^0.3, 0^b1 ^0.8 and 0<x<1 ) 
is used as the yellow/yellowish phosphor, 

37. The method of any one of claims 34 to 36, charac- 
terized in that in the step a), ultra-fine particles in- 
cluding primary particles having an average particle 
size in the range from 1 nm to 100 nm, both inclu- 
sive, are previously included in the phosphor paste. 

38. A method for fabricating a light-emitting semicon- 
ductor device, comprising the steps of: 

a) covering a light-extracting surface of a blue- 



a) covering a light-extracting surface of a blue- 
io light-emitting device with a phosphor paste in- 
cluding a resin and phosphor particles; and 

b) curing the phosphor paste while turning over 
the phosphor paste. 

is 40. A method for fabricating a light-emitting semicon- 
ductor device, comprising the steps of: 

a) covering a light-extracting surface of a blue- 
light-emitting device with a phosphor paste in- 

20 eluding a resin and phosphor particles; and 

b) curing the phosphor paste, 

wherein the steps a) and b) are performed a 
plurality of times. 

25 

41. A method for fabricating a light-emitting semicon- 
ductor device, comprising the steps of: 

a) covering a light-extracting surface of a blue- 
^0 light-emitting device with a phosphor paste in- 
cluding a resin and phosphor particles and hav- 
ing a viscosity in the range from 1 Pa-S to 1 00 
Pa-S, both inclusive; and 

b) curing the phosphor paste, 

35 

wherein the steps a) and b) are performed a 
plurality of times. 

42. A method for fabricating a light-emitting semicon- 
40 ductor device, comprising the steps of: 

a) covering a light-extracting surface of a blue- 
light-emitting device with a phosphor paste in- 
cluding a resin and phosphor particles; and 
45 b) curing the phosphor paste with ultraviolet ra- 

diation. 

43. A method for fabricating a light-emitting semicon- 
ductor device, comprising the steps of: 

50 

a) covering a light-extracting surface of a blue- 
light-emitting device with a phosphor paste in- 
cluding a resin and phosphor particles; and 

b) curing the phosphor paste while agitating the 
55 phosphor paste. 

44. A method for fabricating a light-emitting semicon- 
ductor device, characterized by comprising the 
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steps of: 

a) covering at least a light-extracting surface of 
a blue-light-emitting device which emits light 
having a main emission peak in the wavelength 5 
range greater than 430 nm and less than or 
equal to 500 nm, with a first phosphor paste in- 46, 
eluding a base material of a translucent resin 
and phosphor particles including a yellow/yel- 
lowish phosphor; 10 

b) covering the first phosphor paste with a sec- 47. 
ond phosphor paste including at least a trans- 
lucent resin and containing a yellow/yellowish 
phosphor at a concentration lower than that in 
the first phosphor paste, after the step a) has 15 
been performed; and 

c) curing the first and second phosphor pastes, 48. 

wherein in the step a), as the yellow/yellowish 
phosphors, a silicate phosphor which is a yellow/ 20 
yellowish phosphor absorbing light emitted by the 
blue-light-emitting device to emit light having a main 
emission peak in the wavelength range from 550 
nm to 600 nm, both inclusive, and which contains, 
as a main component, at least one type of a com- 25 
pound expressed by the chemical formula 

( Sr 1-a1-b1.x Ba a1 Ca b1 Eu x)2 Si0 4 

30 

(where 0^a1^0.3, 0^b1^0.8 and 0<x<1) 
is used. 

45. A method for fabricating a light-emitting semicon- 
ductor device, characterized by comprising the 35 
steps of: 



a) attaching phosphor particles including a yel- 
low/yellowish phosphor to at least a light-ex- 
tracting surface of a blue-light-emitting device 
which emits light having a main emission peak 
in the wavelength range greater than 430 nm 
and less than or equal to 500 nm; 

b) covering at least the light-extracting surface 
of the blue-light-emitting device with a translu- 
cent resin, after the step a) has been per- 
formed; and 

c) curing the resin, 



40 



45 



(Sr, 

(where 0^a1^0.3, 0^b1^0.8 and 0<x<1) 
is used. 

The method of claim 45, characterized in that in 

the step a), the yellow/yellowish phosphor particles 
are sprinkled on the blue-light-emitting device. 

The method of claim 45, characterized in that in 
the step a), the blue-light-emitting device is im- 
mersed in a suspension containing phosphor parti- 
cles, including a yeliow/yellowish phosphor, and a 
volatile solvent, and then the solvent is evaporated. 

. A method for fabricating a light-emitting semicon- 
ductor device, characterized by comprising the 
steps of: 

a) covering at least a light-extracting surface of 
a blue-light-emitting device which emits light 
having a main emission peak in the wavelength 
range greater than 430 nm and less than or 
equal to 500 nm, with a phosphor paste includ- 
ing a translucent resin and phosphor particles, 
which includes a yellow/yellowish phosphor 
and to whose surfaces positively charged sub- 
stances are attached; and 

b) curing the phosphor paste, 

wherein in the step a), as the yellow/yellowish 
phosphor, a silicate phosphor which is a yellow/yel- 
lowish phosphor absorbing light emitted by the 
blue-light-emitting device to emit light having a main 
emission peak in the wavelength range from 550 
nm to 600 nm, both inclusive, and which contains, 
as a main component, at least one type of a com- 
pound expressed by the chemical formula 

( Sr i-ai-bi-xBa a1 Ca b1 Eu x ) 2 Si0 4 

(where 0ga1 so.3, 0^b1 ^0.8 and 0<x<1 ) 
is used. 



wherein in the step a), as the yellow/yellowish so 
phosphor, a silicate phosphor which is a yellow/yel- 
lowish phosphor absorbing light emitted by the 
blue-light-emitting device to emit light having a main 
emission peak in the wavelength range from 550 
nm to 600 nm, both inclusive/and which contains, 55 
as a main component, at least one type of a com- 
pound expressed by the chemical formula 
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FIG. 26 (a) 
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